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IHIROOUCnON 
In recait years, the undesirable effects of "unwanted" chemicals 
and nutrients that find their way into both surface and ground water 
sources have become all too common, anâ both legislative and scientific 
approaches have bean developed to deal with the problem, in order to 
realize the objectives of the Federal Water Pollution Control Act 
Amendment of 1972 (Pu&ilic Law No. 92-500), it is no longer sufficient to 
control just the domestic and industrial sources of pollution. Non-
point and point agricultural sources must also be controlled. 
It is relatively easy to identify, collect, characterize, aid treat 
pollutants in domestic and industrial waste waters by the simple fact 
that these are derived from "point sources." Relatively well developed 
technology is available to treat most pollutants from these sources to 
any desired level of effluent quality. In fact, it is fair to say that, 
at this time in the United States, most industrial and domestic waste 
waters receive some form of treatment before being discharged into 
rivers and l^es. 
In the case of non-point sources, the situation is made more 
coa^lex by the mere fact that the sources are distributed and hence not 
easily identifi^le. In other words, the amount, location, and œemical 
diaracteristics of these non-point sources are not always known before 
the pollutants enter surface and growd water sources. Besides, the 
contribution of these distributed sources of chemicals to in-stream 
pollutant loads and concentrations may not always be negligible. 
Indeed, some recent studies of the subject such as Baumann and Kelman 
(1968), Okereke (1982), ^id (Xcereke et al, (1985a), have shown that on 
an minual basis the contribution of non-foint sources to pollutant loads 
may far exceed those from point sources. The non-point source contribu­
tion in many rivers and Idces may be in excess of 90% for some parame­
ters such as suspended solids, nitrite plus nitrate nitrogen, bio­
chemical oxygen demand, total phosphate, and chemical oxygen demand. 
Therefore, it is crucial that a solution be fowd for controlling 
2 
pollutants from distributed or areal sources. It is Impossible to try 
to identify and treat every non-point source. It is also impractical to 
pass the flow of every polluted river throu^ a plant for treatment. 
Hence, appropriate methods have to be devised for effective control of 
the poUut^ts from non-point sources. Otherwise, the anticipated bene­
fits of point source treatment may never be realized. In Iowa, the 
prdalem is much more serious because of the prevailing practice of pro­
moting increased agricultural yields through increased use of chemical 
fertilizers, herbicides and pesticides. Of course, the often criticized 
practice of bringing marginal land into production and the uncontrolled 
rwoffs from "unprotected" animal feed lots tend to exacerbate the 
problem. 
Several management options are either in place already or are being 
advocated in an attempt to improve and protect the quality of the 
surface and ground waters in the state of Iowa. These include use of 
minimum tillage and no till farming practices that are advocated as a 
means of controlling erosion and subsequent export of suspended sediment 
into the rivers and lakes. To provide background levels of water 
quality, several programs are in place, designed to sample regularly for 
and monitor specific water quality parameters at specific locations in 
the rivers and lakes in the state. 
One of the most extensive and long-running of these sampling 
programs has been the "Water Quality Studies, Red Rock mxX SaylorviUe 
Reservoirs, Des Moines River, Iowa" conducted by the Engineering 
Research Institute at Iowa State University, under contracts with the 
United States Army Corps of Engineers, Rock Island District. This 
particular sampling program has been oxiducted with varying degrees of 
intensity for more than ei^teen years. Host of the more important 
parameters were sampled for (*n a weekly basis, while a bi-wedcly, 
monthly, or quarterly sampling schedule was maintained for less 
problematic parameters. Still, for some, the data were collected 
^periodically. The data collected are published as amual reports 
(Baumann et ai., 1968 throu# 1985); the locations of tA* sampling 
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stations are shown in Figure 1. 
Several aspects of the accumulated data have been analyzed by 
different researchers in an attempt to elucidate different aspects of 
the water quality problems of the Des Moines River basin. For example, 
Okereke (1982), Bierl (1982), Butler (1981), and Okereke et al. (1985a, 
1985b, 1985c, 1985d) examined the loading rates (kg/hectare/year) of 
many of the (Aemical parameters and the impact of tAe reservoirs on 
them. Beckert (1982), Sc^ialle (1981), and Speiran (1977) studied the 
effects of algae and (AytoplarAton on the system. On the other hand, 
Naylor (1975), Jens (1977), Ricci (1982), and Jennings and Stockdale 
(1978) investigated the impacts of the concentrations of herbicides, 
insecticides, and other parameters in the rivers and reservoirs. 
Objectives 
In this study, the goal is to characterize the concentrations of 
some of the chemical water quality parameters at all the river stations 
that are currently operational. The intention is to analyze the 
sampling data to see if any trends exist in the time series. In other 
words, it is hoped that this study will help ascertain the changes (or 
lack of change) in the water quality as it relates to each parameter 
studied. It is hoped that the results of this study will help answer 
questions such as the following. What has been the general trend in the 
concentration of say, ammonia, over the eighteen years of sampling? Has 
the average suspended solids concentration been going up, going down 
(and by how much) or not dianged significantly since the sampling 
program began? 
Another objective of this study is to try to reassess the current 
sampling program with the view of recommending changes, if necessary, in 
what water quality parameters should be monitored and how frequently. 
In the light of the available data, which parameters are most crucial to 
the water quality goals of the state aid which ones are not as impor­
tant? Would it be more beneficial to, say, increase the sampling fre-
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quency for some parameters at the expense of the others? (Aat are the 
"critical" periods for each parameter and how long do they last? ffould 
it be more beneficial to sample for a parameter more frequently during 
its critical period and less frequently for the rest of the year? Or 
would that not make any difference? 
After more than eiggiteen years of monitoring water quality parame­
ters in the basin, it is appropriate to re-examine the sampling i»»gram 
to see what changes (if any) might be necessary, and how they mig^t be 
implemented. The need to protect the waters of this state is a noble 
cause, and should be pursued with vigor. But, that in itself carries a 
moral imperative: that the methods and issues be re-examined from time 
to time to ensure that they ace still relevant to the overall goals of 
water quality protection in a changing environme»*. 
Also, the data collected during the trisect studies of SayiorviUe 
aid Red Rock Reservoirs will be analyzed more completely. It is hoped 
that the analysis will help test the validity of some of the assumptions 
that were made frequently in previous studies of these reservoirs. For 
example, can any of the lakes be said to be completely mixed as has been 
assumed in the past? Or, is that an erroneous assumption? By analyzing 
the spatial distribution of the chemical parameters, it may be possible 
to evaluate the appropriateness of the "complete mix" assumption. 
Besides, the possibility of short circuiting and channelization in the 
reservoirs would be investigated. Since velocity measurements were not 
taken during the trisect studies, the analysis must be based solely on 
the spatial distribution of the concentrations of the chemical parame­
ters. If channelization occurs in my of the l^es, then there will be 
evidence of concentration gradients that cannot be attributed to the 
vertical stratification of the l^es at the times the studies were 
conducted. 
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History of the Data Base 
The data used were obtained fro# the Anmial Reports of Water 
Quality Studies—Red Rock and SaylorviUe Reservoirs, Des Moines River, 
Iowa (Baumann et al., 1968-1986). These reports are usually issued 
aranially by the Eïigineering Research Institute at Iowa State university 
under contracts with the United States Army Corps of Eangineers, Rock 
Island District. The sampling program involves the collection of weddy 
greb samples at specified locations on the Des Moines and Raccoon Rivers 
and in the Red Rock and SaylorviUe Reservoirs. For some parameters 
such as pH, temperature, and Secchi depth, measurements are made on the 
spot. For others such as alkalinity and dissolved oxygen concentration, 
the samples are "fixed" %Aen collected and analyzed shortly thereafter 
in the mobile l^Ooratory operated in conjunction with the sampling 
program. But, for the majority of the parameters, the samples are pre­
served and transported to the ESngineering Research Institute Analytical 
Services Laboratory (ERI-ASL) for analysis in accordance with the 
requirements of Standard Methods for the Examination of Mater and 
Wastewater (1980) and/or Methods for the Chemical Analysis of Mater and 
Wastes (USEFA, 1979). 
Since the study was initiated in 1967, the contract terms have 
expanded to provide for the establishment of additional sampling 
stations and for the inclusion of more parameters in the program. In 
fact, only two of the stations used in this study (Stations 1 and 5) 
were sampled in the first year. Stations 6 and 9 were este^lished in 
1971 while Station 10 was established in 1972. Some of the flow data 
were obtained from Mater Resources Data for fowa (USGS, 1967-1981). 
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iCVIEH OF LrSEWaOBE 
General Considerations 
For several years now, it has become increasingly clear that water 
pollution arising from non-point sources is a major «ivironmental prob­
lem in this region. The literature is replete with reports showing the 
contributions of feed lots (Sweeten et ai., 1985), com aid soybean 
production (Kanwar, 1981; Burwell and Kramer, 1983), and forests and 
rangeland (Duffy et ai., 1978) to water pollution via surface runoff. 
Other researdiers, such as Butler (1981) and Bierl (1982), have shown 
that most of the suspended solids, biological oxygen demand (BOD), 
diemical oxygen demax) (COO), and total phosphate found in the streams 
arose from distributed sources. In this region, more than 99% of the 
suspended solids loads and up to 96% of the annual BOD loads came from 
non-point sources (CNcereke et al., 1985c). It is therefore not sur­
prising that the focus of water pollution Abatement programs has shifted 
from point sources to distributed sources of pollution. 
The control of norv-point pollutants is not an easy undertaking. It 
is complicated by the fact that the nature, location, magnitude, and 
characteristics of the pollutants are generally not known before their 
disdiarge into the river or l^e (Edwards, 1973). Besides, the situa­
tion is made even more difficult by the fact that the primary conveyor 
of non-point pollution into streams is runoff, which is a stochastic 
variable. Evai th^, all the pollutants carried by runoff do not end w 
in a stream or lake. Some of the pollutants, especially suspended 
solids, are deposited long before the flow readies a river. 
In recait years, considerable efforts have been devoted to predic­
ting the concentrations and loading rates of specific water quality 
parameters in streams and reservoirs arising from nnoff from specific 
land use practices (Jewell et al., 1980). Both agricultural (Wiigqple 
and Hunter, 1981) and urban (Anderson et ai., 1964) watersheds have been 
considered. The main thrust of these efforts has centered around the 
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development of significant correlaticms between specific water quality 
parameters and discharge (Naylor, 1975), nmoff (Butler, 1981), or any 
other basin characteristic that the investigator finds suit^le. For 
exssple, Sedient et al, (1980) reported that some investigators used 
regression and correlation analysis to show that antecedent dry periods 
were the most important variable in predicting non-point loadings of 
(XX), nitrogen, phosphorus, and suspended solids. The same study also 
found that "relationships between total loadings, rainfall intensity aid 
antecedent storm rainfall were not statistically significant." Although 
no pollutant loadings were reported, it is doubtful that reasonable 
loading rates can be predicted from the antecedent dry period as the 
only independent variable. Of course, the antecedent dry period is 
important in estimating the amount of pollutants that have accumulated 
on the ground since the last runoff event. But to say that it is the 
most critical variole in the determination of total loadings is some-
triiat dosurd. After all, it is possible for rain to fall after a long 
dry period with no measurable runoff and ccmsequently no transport of 
pollutants. 
Even the International Reference Grow on Great L^es Pollution from 
Land Use Activities (1978) r^rarted a list that includes such variables 
as climate and season as signifient parameters in predicting pollutant 
loadings from a non-point source. There is no question that the season 
and climatic conditions are primary determinants of precipitation and 
hence runoff, but their value in predicting parameter loadings and 
concentrations is questionable. In fact, an attempt by Naylor (1975) to 
model the concentrations of several water quality parameters in the Des 
Moines River basin using these varioles was not very successful. With 
as many as eight "explanatory variables" in <me equation, he was ^ale to 
explain only about 70% of the variaticms in most cases. 
Many other research workers have focused their efforts w correla­
ting the concentrations of the water quality parameters with discharge 
or runoff. Some investigators have reported good correlatiws between, 
say, suspended solids concentration and stream flow (Zison, 1960), or 
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between COD and rwoff (Cordery, 1977). Butler (1981) even suggested 
that good ccrrelatlcms can be obtained between the suspended solids 
concentrations (mg/1) and stream flow (m*/sec). If the available data 
are split Into two parts corresponding to the rising and falling limbs 
of the hydrographs. The problem with this approach is that there ssr/ 
not be data points to permit the lack of a trend to become 
evident. In fact, no significant relationships were found when the 
eighteen years of weekly data available for t^is research were analyzed 
in that mwier. 
Some researchers, such as Jewell et al. (1980), attempt to improve 
the quality of their models by including many of the variables that are 
known to Influence water quality. In most cases, the results are very 
elegant, ncxi-linear equations. The obvious difficulties that would be 
encountered in satisfying the data requirements of these models often 
prohibit their use on a regular basis. Other models, such as QUAL^II, 
make so many assumptions and require estimates of so many coefficients 
that potential users are discouraged. Again the data requirements of 
QUAL-II and most models of that size are incredible. 
The prc^lem is that river disdtarge, runoff, and water 9iallty 
parameter concentrations are stochastic events and do not correlate well 
with ead) other. Besides, surface nmoff does not accomt for the 
entire load of a parameter measured in a river. In fact, an attempt by 
this author to correlate the instantaneous concentrations of BOD, COD, 
suspended solids, total phosphate, and nitrite plus nitrate nitrogen 
with flow rates in the Des Moines and Raccoon Rivers was abandoned when 
it became obvious that little or no correlation existed among them. 
Even when decent correlations can be found, they may not be used to 
predict future values. This is because the future conditions in the 
drainage basin may be significantly different from the conditions whai 
the model was first developed. In fact, lAat Box (1966) called "latent" 
varioles would have caused the system to deviate significantly from the 
conditions that prevailed when the model was first developed. This is 
very likely in water quality work where significant changes are taking 
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place because of improved waste treateent and changes in agricultural 
practices (Angle, 1984; Burwell and Kramer, 1963). 
Reservoir Stratification 
In Iowa, lakes and reservoirs that are deep enough to stratify do 
so two times a year, in the winter and again in the summer. In other 
words, the reservoirs are generally mixed in the spring and fall. The 
thereodynaaic processes tMt cause a l^e to stratify are somewhat com­
plicated, but it is fairly <^ious that sunli^t falling on the surface 
of a lake will heat it more near the surface and thus produce a layer of 
less dense «farmer water overlaying a dmser cooler zone. Since the 
absorption of light decreases exponentially with depth, a similar dis­
tribution for heat mi^t be expected. But due to convection and wind 
stirring, however, a layer of warm water is formed which has a more 
defined boundary than the illuminated zone (Wetzel, 1983). The lake is 
then stratified by being divided into strata. These layers (three of 
them) are the epilimnion or top layer, the middle layer or metalimnion, 
and the hypolimnion or bottom layer. The region of greatest gradient is 
called the thermocline (Goldmw and Home, 1983). 
Destratification, or mixing of the lakes in spring and in the fall, 
is caused by flooding and/or wind. Flooding is especially Important to 
the mixing of both Red Roc* and Saylorville Reservoirs (Beckett, 1982). 
This is because of the fact that both reservoirs are impoundments on a 
major river in the State of Iowa. Besides, the average residence tWe 
In each lake is less than two weeks. Therefore when these lakes 
destratify, they mix completely. For deeper lakes with considerably 
larger detention times, spring and fall turnovers may be incomplete, 
with the result that a permanent anoxic hypolimnion may be established 
at the deeper reaches of the l^e. Such a situation is even more likely 
if the lake in question is highly eutrophic. According to Stewart and 
Stewart (1983), a relatively large d^xth combined with a long detention 
time and high eutrophication to produce a semi-permanent anoxic hypolim-
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nion at Ritcher Lake in Wisconsin. 
In Iowa, all the lakes are eutrophic to some extent (Bacheann and 
Jones, 1974)r and most are shallow. Besides, the impounded reservoirs 
have very short mean residence times so that they usually mix complete­
ly. Therefore, a permanent and anoxic hypolimnion is very unlikely 
here. But a rapid depletion of dissolved oxygen as the depth increases 
seems to be the norm. As will be shown shortly, significant depth 
gradients in the dissolved oxygen concentrations seem to reappear soon 
after the reservoirs destratify. It is suspected that this phenomenon 
has more to do with rapid utilization of the parameter to satisfy the 
oxygen demand of the lake than with the resistance of dissolved oxygen 
to mixing. 
For some parameters sudi as dissolved oxygan, total phosphate, 
suspended solids, nitrite plus nitrate, and ammonia, both sunmer and 
winter stratification are qualitatively the same. Their vertical con­
centration gradients increase in the same direction, irrespective of the 
season the lake stratified. For example, while the concentrations of 
dissolved oxygen and nitrite plus nitrate are ewected to decrease with 
increasing depth, the concentrations of the others are expected to 
increase witdi depth. The reason for this is that the reduction of 
nitrates to nitrogen and the release of ammonia and phosphorus from 
sediments are all anaerobic reactions. Therefore, the reactims will 
proceed more rapidly if the oxygen concentrations are low. indeed, it 
has been reported by Anderson (1982) and Jacoby et al. (1982) that low 
nitrate concentrâtiwis favor the release of phosphates from lake bottom 
sediments. Also, low nitrate concentrations are believed to favor the 
production of ammonia, but that was not observed in this study. 
In theory, only a few samples are needed to characterize each 
parameter wh^ the reservoir is mixed. But when the lake is stratified, 
many more samples are needed in order to fully map the distribution of 
parameter concentrations throughout the full extent of the lake. In 
fact, several depth samples may have to be collected at a number of 
stations along pre-established transects. Part of the objective of this 
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dissertation Is to analyze the data collected in a series of transect 
studies of Red Rock and SaylorviUe Reservoirs. 
Time Series Analysis 
Evo) though the stochastic processes of flow and runoff have been 
shown to correlate poorly with the concentrations of most parameters, 
yet there is m urgent need to analyze the series of weekly concentra­
tions that have been accumulated over the past eighteen years. The 
reason for that is a simple one. After so many years of regular sam­
pling, it is desirable to say whether the quality of the rivers has 
improved, deteriorated, or stayed at the same level since the sampling 
program began. In other words, what have been the beneficial effects of 
the host of laws, regulations, and Aanges in agricultural practices 
that have been implemented during the last several years? Or have they 
been Ineffectual? 
Rainfall (md therefore runoff), stream flow, and concentrations of 
water quality parameters are irAerently raidom events. Therefore, it 
seems appropriate to analyze the time series data of the above variables 
by probabilistic methods. Indeed, the literature is replete with pub­
lished reports of the attempts by many researdiers to approach the non-
point water quality problem using statistical prdaabilities (Toro, 1984; 
Grenney and Heyse, 1985). These result in a model that is rarely parsi­
monious. Besides, such models may include very elegant (but theoreti­
cal) differential equations and probability dmsity functions (HcBride 
and Rutherford, 1984). In nearly all cases, these equations incorporate 
parameters that are either not available or very difficult to estimate. 
Also, many of these quasi-probabilistic models tend to be developed for 
particular streams and watersheds with the result that they cannot be 
used elsewhere without major modifications. Consequently, the applica­
tion of any of these models requires a dedicated computational effort. 
The combined effect of these problems is to severely limit the utility 
of many of the non-point water quality models found in the literature. 
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Another very popular water quality model, QUAL-II, which was 
developed for the Eïivirorwental Protection Agency (Canara and Randall, 
1984), is not prob^ilistic. instead, the approach of QUAL-II is to 
include theoretical natheaatical foraulations for all the factors that 
influence the concentration of ead* parameter at downstream locations. 
These include dispersion, longitudinal translation, chemical reactions, 
and other interactions among a variety of water quality parameters suâi 
as BOD, ammonia, nitrite, nitrate, coliforas, algal biomass, dissolved 
oxygen, and phosphorus, with tise, distance, md temperature as ind^ien-
dent varioles. In this case, the mathematical formulation of the model 
is a set of non-homogeneous differential equations that must be solved 
simultaneously. To use QUAL-II, the researdier needs "good" estimates 
of several coefficients that vary from one system to another. Many of 
these are very difficult to dbtain. Since the differential e<yiations 
incorporated into QUAL-II are non-homogeneous, closure cannot be guaran­
teed in the resulting solution. Indeed, the trivial solution and the 
"no solution" cases are distinct possibilities with the QUAL-II model, 
as Camara and Randall (1984) have shown. 
Furthermore, many of the theoretical models found in the literature 
have a propensity to produce false oscillations and smearing at "discon­
tinuities" in the river reach under consideration. In other words, many 
of these models can axl do yield results that are grossly in error. In 
a word, the predictions of these models can only be trusted after ade­
quate field checks (Salas et al., 1980). This is particularly important 
if actual historical data are involved. The reason for that is that the 
quality of the data t^xte to change with time. For instance, tte in­
creasing use of no-till farming and the widespread treatment of munici­
pal and industrial wastes would not only result in lower suspended 
solids and BOD concentrations, but also in reduced concentrations of all 
other parameters su(A as total ;*osphate and ammonia that are closely 
associated to -Uiem. This may also cause the river-BOD coefficient to 
change. It may be recalled that hard-to-decoesose polysacdiarides like 
cellulose tend to dominate the BODs of treated municipal wastes. There­
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fore, all the coefficients in most water quality models need to be 
updated from time to time. Otherwise, subsequent use of these models 
would run the risk of many of the statistical problems described by 
(1966). This author believes that the qualitative changes in the system 
were at the root of many of the problems encountered by Salas et ai. 
(1980) in dealing with historical data of substantially long duration. 
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TRM6GCT STUDY OF SAYLORVILLE AMD RED ROCK RESERVOIRS 
General Considerations 
In order to more fully dharacterize the spatial distribution of the 
concentrations of selected water quality parameters in Saylorville and 
Red Rock Reservoirs, a number of transect samplings were conducted on 
the two reservoirs. Specifically, these transect studies involve 
sampling for the selected paraseters in a three-dimensional grid system: 
transverse direction (transects), longitudinal direction (stations along 
eacA transect), aid the vertical direction (depth). Five trisects were 
established, and along each transect, there were five stations, trtiich 
makes for a total of 25 stations at each reservoir. The nmber of 
sampling depths at eadi station varied some*Aat, but depended on the 
elevation of lake surface at the time of sampling and on the contour of 
the lake bottom at each station. At Saylorville, the transects were 
labelled lA, 2A, 3A, 4A, and 5A, with the first transect being located 
nearest to the dam and the last transect being located farthest from the 
dam. Using triangulation, five sampling stations were located along 
each transect. The location of these stations are shown in Figure 2, 
while Table 1 gives the coordinates of each point based on the Iowa 
Coordinate System. At Red Rock, the transects were labelled (S5-T-1A, 
WES-T-2A, «ES-T-3A, WES-T-4A, and WES-T-5A. Again the first correspwds 
to the transect that is closest to the dam while the last corresponds to 
the transect that is farthest from it. As was the case at Saylorville, 
triangulation was used to locate the five staticxis cm each transect. 
The locations of these sampling stations are shown in Figure 3 and the 
exact coordinates of each paint are shown in Table 2. 
Two transect studies were conducted at Saylorville. %e first was 
conducted from August 20 to August 23, 1984, while the second study 
conducted a year later lasted from August 15 tiirougti August 21, 1985. 
General sampling data were compiled in the field along with determina­
tions of water temperature, i41, conductivity and the concentrations of 
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Table 1. Coordinates® of the san^pling stations along each line of the 
transects at Saylorville Reservoir 
Transect lA 
Station lAl 1,952,288.IE 621,643.8N 
Statical 1A2 1,951,591.2E 621,577.8N 
Station 1A3 1,950,097.8E 621,436.4N 
Staticxi 1A4 1,949,102.3E 621,342.2N 
Station 1A5 1,948,166.5E 621,253.6N 
Transect 2A 
Static») 2A1 1,950,858.4E 626,405.7N 
Station 2A2 1,950,136.3E 626,061.3N 
Station 2A3 1,949,053.2E 625,544.7N 
Station 2A4 1,947,248.OE 624,683.8N 
Station 2A5 1,946,164.8E 624,167.2N 
Transect 3A 
Station 3Al 1,948,274.OE 630,074.ON 
Station 3A2 1,947,221.4E 629,495.8N 
Station 3A3 1,946,485.2E 629,091.3N 
Station 3A4 1,945,643.8E 628,629.ON 
Station 3A5 i,944,416.8E 627,955.ON 
Transect 4A 
Station 4A1 1,946,515.OE 633,592.2N 
Station 4A2 1,945,907.5E 633,244.4N 
Station 4A3 1,944,744.6E 632,578.6N 
Station 4A4 1,943,824.7E 632,051.9N 
Station 4A5 1,943,078.4E 631,624.5N 
Transect 5A 
Station 5A1 1,942,192.2E 637,945.IN 
Statical 5A2 1,941,557.9E 637,335.IN 
Station 5A3 1,941,125.4E 636,919.2N 
Station 5A4 1,940,404.6E 636,226.ON 
Station 5A5 1,939,770.3E 635,616.ON 
®FroB the Iowa Coordinate System. 
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Figure 3. Location of transects and Sampling stations on Red Rock 
Reservoir 
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Table 2. Red Rock Reservoir transect stations, locations and 
coordinates® 
Transects Stations Distance from 
north shoreb 
(feet) 
Horizontal 
rangeC 
(feet) 
Coordinates 
WES-T-IA WES-T-lA-1 1,000 1,700 502,204 2,143,511 
WES-T-lA-2 1,900 2,600 501,564 2,142,878 
WES-T-lA-3 2,800 3,500 500,924 2,142,245 
WES-T-lA-4 3,600 4,300 500,356 2,141,682 
WES-T-lA-5 4,700 5,400 499,574 2,140,908 
WES-T-2A WES-T-2A-1 1,400 2,800 505,070 2,140,590 
WES-T-2A-2 2,800 4,300 503,946 2,139,579 
WES-T-2A-3 4,200 5,700 503,897 2,139,670 
WES-T-2A-4 5,600 7,100 501,847 2,137,744 
WES-T-2A-5 7,200 8,700 500,648 2,136,685 
WES-T-3A WES-T-3A-1 800 1,300 509,057 2,135,400 
WES-T-3A-2 1,400 1,900 508,269 2,134,979 
WES-T-3A-3 2,700 3,200 507,701 2,134,069 
WES-T-3A-4 4,100 4,600 506,701 2,133,089 
WES-T-3A-5 5,500 6,000 505,702 2,132,108 
WES-T-4A WES-T-4A-1 1,200 1,600 512,722 2,129,986 
WES-T-4A-2 2,400 2,800 511,712 2,128,416 
WES-T-4A-3 3,600 4,000 510,659 2,127,847 
WES-T-4A-4 4,800 5,200 509,603 2,127,277 
HES-T-4A-5 5,800 6,200 508,723 2,126,802 
WES-T-5A WES-T-5A-1 900 1,800 515,820 2,122,239 
WES-T-5A-2 1,800 2,700 515,052 2,121,786 
WES-T-5A-3 2,700 3,600 514,274 2,121,333 
WES-T-5A-4 3,600 4,500 513,497 2,120,880 
WES-T-5A-5 4,600 5,500 512,632 2,120,377 
^All coordinates referred to were taken from the Iowa Coordinate 
system. South Zone. 
^All distances are from the north shore of the reservoir at an 
elevation of 725 MSL. 
^Horizontal ranges refer to values obtained from the Sedimentation 
Range Profile Maps (Plate 41), Appendix A - Red Rock Reservoir, Master 
Reservoir Regulation Manual - Des Moines River Basin, Iowa, U.S. Army 
Engineer District, Rock Island, Illinois, June 1966. 
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several chemical and biological parameters including dissolved oxygen, 
total phosphate, suspended solids, ammtonia, nitrite plus nitrate nitro­
gen, wd chlorophyll (a, b, and c) in additic^n to several others. Since 
the weather conditicms prior to and during the sampling process have a 
very strcxig influaice on the profiles of many of the parameters, Tdbles 
3 and 4 were included to show the general weather conditions prior to 
sample collection at each station. 
Between July 1978 and September 1979, ten transect studies were 
conducted at Red Rock Reservoir. The dates during which eaA of these 
studies was conducted are shown in Table 5 below. As was the case at 
SaylorviUe, physical, chemical, ^  biological parameters were sampled. 
However, a smaller number of chemical parameters were sampled at Red 
Rock. Indeed, published reports indicate that less than half of the 
chemical parameters sampled for at SaylorviUe Reservoir were sampled 
for at Red Rock. 
Birpose of the Study 
The decision to analyze the data collected during the transect 
surveys of SaylorviUe aid Red Rock Reservoirs was motivated by three 
main concerns. The first was the need to try to characterize the water 
quality of the reservoirs more fully, especially as it relates to ther­
mal and chemical stratification. This would be determined by analyzing 
the variations of each parameter as depth increases. It is also hoped 
that this study will help determine if the Wtes stratify at tj%e same 
time with respect to the relevant physical and chemical parameters. In 
other words, does, for instance, stratification with respect to dis­
solved oxygen imply that the Idte would automatically be stratified with 
respect to ammonia? Or can the lakes be stratified with respect to one 
parameter while not stratified with respect to the others? 
Besides, the analysis would help determine if significant varia­
tions occur in the concentrations of the parameters in either the trans­
verse or longitudinal direction. By evaluating Hie variations in three 
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Table 3. Saylorville Reservoir transect study general sampling data, 
August 20-23, 1984 
Station Date Time Air Cloud Max. Secchi 
leap. Cover Depth D#)th 
(*C) (%) (n) (B) 
lAl Aug. 20 1020 72 10 10.5 1.52 
1A2 Aug. 20 1135 75 40 13.5 1.52 
1A3 Aug. 20 1300 78 60 9 1.71 
1A4 Aug. 20 1400 80 40 10.5 1.40 
1A5 Aug. 20 1450 82 30 15.5 1.80 
2A1 Aug. 21 1930 74 55 11 1.15 
2A2 Aug. 21 1825 75 85 13.5 1.31 
2A3 Aug. 21 1635 70 98 13 1.05 
2A4 Aug. 20 1830 78 40 15 1.18 
2A5 Aug. 20 1630 80 60 11.5 1.20 
3A1 Aug. 21 1000 70 100 9 1.25 
3A2 Aug. 21 1050 74 100 8 1.14 
3A3 Aug. 21 1200 75 100 12 1.12 
3A4 Aug. 21 1330 76 100 14 0.69 
3A5 Aug. 21 1500 82 95 9.5 0.67 
4A1 Aug. 22 935 89 0 7 0.96 
4A2 Aug. 22 1015 70 0 9.5 1.19 
4A3 Aug. 22 1130 77 0 10 1.11 
4A4 Aug. 22 1250 80 0 10 0.98 
4A5 Aug. 22 1530 80 0 14 0.90 
5A1 Aug. 23 940 67 0 12.5 0.98 
5A2 Aug. 23 1100 72 70 8.5 0.90 
5A3 Aug. 23 1150 76 80 13 0.89 
5A4 Aug. 23 1400 80 85 8.5 0.84 
5A5 Aug. 23 1450 80 70 12.5 0.71 
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Table 4. SaylorviUe Reservoir transect study general sampling data, 
August 15-21, 1984 
Station Date Time Air Cloud Max. Secchi 
TeBNp. Cover Depth Dtjpth 
(®C) (%) (B) (a) 
lAl Aug. 15 1430 88 0 7 0.78 
1A2 Aug. 15 1345 85 5 9 0.73 
1A3 Aug. 15 1305 82 5 5.5 0.60 
1A4 Ai^. 15 1100 75 10 6 0.55 
1A5 Aug. 15 1000 72 5 11 0.58 
2A1 Aug. 16 1400 80 70 7 0.64 
2A2 Aug. 16 1320 80 50 9 0.60 
2A3 Aug. 16 1340 78 65 9 0.60 
2A4 Aug. 16 1050 71 40 11 0.64 
2A5 Aug. 16 1020 69 40 7 0.61 
3A1 Aug. 19 1020 74 0 5 0.67 
3A2 Aug. 19 1045 77 0 4.5 0.65 
3A3 Aug. 19 1100 78 0 8 0.70 
3A4 Aug. 19 1230 80 20 9 0.84 
3A5 Aug. 19 1300 80 35 6 0.73 
4A1 Aug. 20 1430 75 20 4 0.64 
4A2 Aug. 20 1120 69 90 6 0.72 
4A3 Aug. 20 1100 68 95 6 0.80 
4A4 Aug. 20 1030 65 95 6 0.74 
4A5 Aug. 20 1005 65 95 10 0.70 
5A1 Aug. 21 1110 70 80 11 0.67 
5A2 Aug. 21 1210 76 70 5 0.61 
5A3 Aug. 21 1230 77 80 9 0.65 
5A4 Aug. 21 1420 75 100 5 0.60 
5A5 Aug. 21 1450 75 90 9 
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Table 5. Sampling dates for the 
transect studies at Red 
Rock Reservoir 
Study number Sampling date(s) 
1 July 12-14, 1978 
2 July 26-27, 1978 
3 August 8-10, 1978 
4 August 23, 1978 
5 September 9, 1978 
6 February 9-10, 1979 
7 June 6-7, 1979 
8 July 11-12, 1979 
9 August 9-10, 1979 
10 Septefld^er 9, 1979 
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dimensions, it is hoped that all concentration gradients would be delin­
eated. Ultimately, it is desired that the study would help determine if 
significant channelization occurs in either Red Rock or SaylorviUe 
Reservoirs. Since no velocity data Kcre detained, the evaluation of the 
possibility of channelization would rely heavily on the existence of 
significant concentration gradients that cannot be attributed to normal 
l^e stratification or to a suddMi influx of flood waters. The assump­
tion is that if significant channelization were occurring then it would 
either induce concentration gradients of its own or distort the vertical 
gradients if the lake were stratified. 
Finally, the analysis of the transect data would help explain 
whether such concepts as "complete mix" are applicable to the reser­
voirs. In other words, to %Aat extent can any of the reservoirs be said 
to be completely mixed? Or is that an erroneous assumption? In fact, 
it will be shown shortly that when the reservoirs are not vertically 
stratified, completely mixed regimes may be assumed without significant 
error. 
Method Analysis 
Several statistical tests are available for the analysis of the 
transect data, but a three-way walysis of variance (ANOVA) was used 
here. This was because the available data were best suited for the 
analysis of variance ^iproach. Besides, an ANOVA table is much more 
compact than any of the other methods of multiple comparisons that are 
available. For example, while the ANOVA approach would require only 
three "F" tests to completely evaluate all the gradients of interest for 
eadi parameter, most of the other methods would require an unduly large 
number of tests to accomplish the same Objective. Of course, an analy­
sis of variance may be computationally very burdensome, but the results 
are such less ambiguous. Therefore, it is easy to interpret, and con­
clusions can be drawn without undue qualifications. Many of the other 
methods of multiple comparisons (Halpole and Myers, 1978) are likely to 
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yield results that are often ambiguous and difficult to interpret. 
But, there is a major limitation of the ANOVA approach in analyzing 
the transect data available for this study. This has to do with the 
fact that the bottom profiles of the reservoirs were such that the 
number of depth samples at each station were not equal. Along eadi 
transect, the water depth varied considerately resulting in a large 
variation In the nwber of depth samples that were collected. This was 
especially true of those stations that were located on the old river 
(Aarmel. Since the l^es tended to be shallower in the upstream direc­
tion, it was expected that even fewer dopth samples were collected at 
those stations located far from the dam. This results in a transect 
data set with unequal cell numbers, witii the attendant analytical prob­
lems. Specifically, the wequal cell nuriDers lead to the ladv of 
orthogonality in the different sums of sc^iares usually used to describe 
the sources of variation in an MIOVA table (KleiiAaum and Kupper, 1978). 
What that means is that the total sum of squares (SST) would not be 
equal to the sua of depth sum of squares (SSD) plus the among-transect 
sua of squares (SSAT) plus the wlthin-transect sum of squares (SSWT) 
plus the error sum of squares (SSE). In other words, the relationship 
between the total sum of squares and the "partial" sums of squares would 
be as follows: 
SST V SSD + SSAT + SSViT * SSE <1) 
Had the cell niadoers been equal, the inequality of Equation 1 above 
reduces to an equality of the form: 
SST = SSD + SSAT + SSWT + SSE (2) 
In that case the total sum of squares can be partitioned into the dif­
ferent sources of variation without any overlaps. Consequently, exact 
mean squares can be calculated leading to exact F-ratios and tests of 
statistical significance. But %Aen the cell numbers are not equal, the 
sources-of-variation-sum-of-squares will partition the total sum of 
squares with overlap with the consequence ti^t accurate F-ratios cannot 
be computed from the mean squares without adjustment. 
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A number of approaches could be used to deal with the analytical 
problems caused by the lack of equality in the size of the cells. The 
first is to limit the analysis to the shallowest depth. That way a 
rectangular data set would be obtained and the problems of unorthogonal-
ity due to unequal cell numbers will be avoided. The probl» with this 
^vroach is that the reservoirs may show no signs of vertical stratifi­
cation at their shallowest stations while being fully stratified at 
greater depths. Hence, limiting the analysis to the shallowest depths 
may lead to erroneous conclusions as to the variations in concentrations 
in the vertical direction at the time of interest. This can be seen 
from Table 29 in the Appendix trtiich shows the distribution of dissolved 
oxygen concentrations at Saylorville Reservoir during the first transect 
study. The shallowest depth was 6.5 meters. If the analysis of vari­
ance were limited to that depth, the results would prob^ly show no sig­
nificant change in dissolved oxygen concentrations. However, Table 29 
clearly shows that the lake was fully stratified with respect to dis­
solved oxygen. The above approach was rejected because it could lead to 
inaccurate conclusions. 
Alternatively, some averaging process could be used to ensure 
equality of cell numbers in a modified transect data set, which can then 
be analyzed by the regular analysis of variaxze methods. The problem 
with this approach is that massaging the data could distort the analysis 
and thereby make the interpretation of the results very difficult. 
Finally, there is the method of "unweiggited means" as described by 
Kleinbaua and Kwper (1978). In this method, the sums of squares and 
the mean squares are calculated from the fundamental definitions and 
then adjusted for the overlap problem arising from the unequal-cell-
nuWiers situation. This "adjustment" is accomplished by multiplying 
each sum of squares by the appropriate harmonic mean. However, the 
method is only an approximate procedure, because it provides ANOVA test 
statistics which are <xily aRproxiaately F statistics. But the approxi­
mation is believed to be very good. The method of unwei^ted means 
would be used to analyze the transect data in three-way analysis of 
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variance tables to be presented shortly. Total sua of squares (SST) is 
not relevant and does not convey the usual meanings. Therefore, it will 
be omitted in all sW)sequent ANOVA tables. 
Results of the SaylorviUe Study 
Data from the two transect studies of SaylorviUe Reservoir contain 
ample evidence that illustrates the crucial effects of the weather 
conditions prior to sampling on the data collected. Prior to the first 
study in August 1984, the weather was calm end generally uneventful. 
There were no major storm events to speak of in the days before sam­
pling. Although it rained on the second day of the study, ^le storm was 
too light and the runoff too small to cause any significant alterations 
in the level of thermal or diamical stratification of the reservoir. In 
fact, the reservoir was still "recovering" from the effects of the 
larger-thannnormal flood in June that caused the emergency spillway to 
be used for the first time in history. Wee elevation was still quite 
high, at approximately 850 ft msl. At that elevation, there were nearly 
260 depth samples for each parameter. 
As for the second transect study, the situation was maricedly dif­
ferent. The regular weekly samplings indicated that the reservoir was 
thermally and chemically stratified. But a few days before the study 
began, it rained. The runoff from that storm combined with cooler 
temperatures and high winds to weaken the stratification resistance and 
therefore caused the Idee to mix. Indeed, over the weekend, or about 
half-way through the study, the wind velocities were so hi^ that a 
number of boats at the marina were capsized. Of course, the mixing of 
the lake was aided by the lower average water surface elevation of 
836.84 ft msl, an elevation which resulted in the collection of only 180 
depth samples at that time. Table 6 shows the exact number of samples 
collected for each parameter during each of the two studies at Saylor­
viUe, together with the means and standard deviations. 
Six parameters were selected from the SaylorviUe study for de-
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Table 6. Means and standard deviations of the parameters from the 
transect studies of Saylorville Reservoir 
Parameter N^sdoer of Mean Standard 
saaples deviation 
First study (Aug. 1984) 
Temperature (®C) 259 25.1 0.99 
Dissolved oxygen (ag/1) 255 4.11 2.46 
Ammonia (mg/1) 259 0.39 0.44 
Nitrite plus nitrate nitrogen (mg/1) 258 4.42 0.89 
Suspended solids (mg/1) 136 13.7 13.4 
Total phosphate (mg/1) 135 0.31 0.21 
Second studv (Aug. 1985) 
Tençîerature (*C) 180 23.3 0.37 
Dissolved oxygen (mg/1) 180 6.40 0.38 
Ammonia (mg/1) 91 0.05 0.04 
Nitrite plus nitrate nitrogen (mg/1) 96 2.95 0.26 
Suspended solids (mg/1) 75 23.4 33.4 
Total phosphate (mg/1) 75 0.35 0.11 
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tailed analysis in this researdi. These include temperature, dissolved 
oxygen, ammonia, nitrite plus nitrate nitrogen, suspended solids, and 
total phosphate. As was stated earlier, only the physical and chemical 
parameters were considered here. Indeed, some of the parameters such as 
dissolved oxygen, temperature, suspended solids, aid total phosphate 
were included mainly because their concentration profiles are more 
likely to be distorted by short-circuiting than any of the others. 
S1-Iirty Miiaher 1 (Auqust 20-23. 1984) 
Table 7 shows the three-way analysis of variance tables for the six 
parameters from the first transect study of SaylorviUe. The relevant 
statistical tests of significance were based on the null hypothesis that 
there were no significant differences in the average parameter concen­
trations in each of the three directions of interest. These are ver­
tical (depth), transverse (within transect), and longitudinal (among 
transects). From these ANOVA tables, it can be shown that all the 
parameters varied sigpnificantly as the water depth increased. Indeed, 
the F-ratios for depth as a source of variation, were all significant at 
the 95% level of ccmfidence. In fact, the variations in two of the 
parameters, ammonia and nitrite plus nitrate, were still significant at 
the 99% level. In the case of dissolved oxygen, the variaticms with 
depth were still significant at the 99.9% level of confidmce. From 
these, it can be concluded that SaylorviUe Reservoir was thermally and 
chemically stratified during the first transect study in August, 1984. 
This was not unexpected since dissolved oxygen concentration, for 
instance, averaged nearly 6.0 mg/1 at the surface but decreased to 
nearly zero at the bottom. As can be seen from Tdble 29 in the Appen­
dix, the dissolved oxygen concentrations decreased considerably, from a 
depth of only 6.5 meters. 
In the transverse (within transect) aid longitudinal (among 
transects) directions, the F tests of Table 7 showed that none of the 
parameters varied significantly at the 95% level of confidence. So, 
while all six parameters varied with respect to depth, the variations in 
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Table 7. Three-way analysis of variance (ANOVA) of selected parameters 
from the first transect study of Saylorvllle Reservoir, August 
20-23, 1984 
Source of variation Degrees Adjusted Adjusted F 
of SI» of mean 
freed(» squares square 
Temperature CO 
Depth 13 28.05985 2.1585 2.21* 
Among transects 4 2.82944 0.7074 0.72 
Within transects 4 5.83013 1.4575 1.49 
Error 237 231.9519 0.9787 
Dissolved oxvaen (mq/1) 
Depth 13 2 ,346.90739 180.5313 29.88*** 
Among transects 4 34.74268 8.6857 1.44 
Within transects 4 1.25443 0.3136 0.05 
Error 232 1 ,401.6744 6.0417 
Ammonia (mq/1) 
Depth 14 6.2837 0.4488 2.25** 
Among transects 4 0.8304 0.2076 1.04 
Within transects 4 1.2200 0.3050 1.53 
ELrror 236 47.1764 0.1999 
Nitrite plus nitrate 
nitrogen (mq/1) 
Depth 14 25.3471 1.8105 2.26** 
Asong transects 4 5.2321 1.3080 1.63 
Within transects 4 0.8872 0.2218 0.28 
Error 235 188.0940 0.8004 
Suspended solids (mq/1) 
Depth 6 3, 102.1910 517.0320 2.86* 
Among transects 4 677.9110 169.4780 0.94 
Within transects 4 401.6910 100.4228 0.56 
&ror 121 21. ,837.0999 180.4719 
Total (AosrAate (mq/1) 
Depth 6 0.7163 0.1194 2.74* 
Among transects 4 0.1946 0.0486 1.11 
Within transects 4 0.2363 0.0591 1.35 
Error 120 5.2320 0.0436 
* Significant at P = 0.05. 
** Significant at P = 0.01. 
*** Significant at P = 0.001. 
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the other two directions were not significant. Therefore, it can be 
concluded that while the reservoir was stratified vertically, there was 
no evidence of any horizcxital stratification. 
Froa these results, it can be said that channelization was probably 
not occurring to any significant extent at SaylorviUe L^e at that 
time. Otherwise, the variation of some of the parameters in the trans­
verse direction would have been significant. This was expected becaise 
short-circuiting would bring in warmer, oxygen-rich waters from the 
headwaters. The probable effect of that scenario is to increase the 
dissolved oxygen c(Xicentration at all depths within its sphere of in­
fluence. The implication is that, in that region, the oxygen concentra­
tion would not decrease with depth as was the case at the other 
statiws. The same would also hold true for the temperature at those 
locations. Also, the suspended solids and total phosphate concentra­
tions would be higher because the reduced detention times of such waters 
would be lower and the velocities would be hi^er. 
Finally, it should be dbserved that at several of the sampling 
stations, the concentrâticxis of ammonia tended to increase as the 
concentrations of nitrite plus nitrate nitrogen decreased (see Transect 
2A data in Tables 32 and 33 in the Appendix). At these stations, the 
concentrations of dissolved oxygen were extremely low which allowed for 
reducing conditions to exist. Hence, ammonia formed by decomposition 
remained as ammonia Instead of being oxidized to nitrite. Of course, 
the nitrates may begin to be reduced to atmospheric nitrogen. For 
example at Station 2A2 the CMicentrations of ammonia and nitrite plus 
nitrate nitrogen at a d^th of 10.5 meters were 0.88 mg/1 and 3.58 mg/1, 
respectively. But, at 11.5 meters (one meter deeper), the ammonia 
concentration had increased to 3.08 mg/1 while the nitrite plus nitrate 
concentration had decreased to 0.96 mg/1. A similar trend was noted 
with total phosphate concentrât icms. Increased total phosphate concen­
trations at the bottom were also likely due to decomposition and 
liberatiw) from the sediment under reducing conditions. 
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Study Number 2 (August 15-21. 1985) 
The data from the second transect study of Saylorville are shown in 
Tables 34 through 39 in the Appendix. As before, six physical and 
chemical parameters were selected for analysis in this study. These are 
water temperature, dissolved oxygen, ammonia, nitrite plus nitrate, sus­
pended solids, and total phosphate. Unlike the 1984 study in whidi the 
lake was well stratified, there was no indication of thermal or chemical 
stratification during the second study. The thermoclines that were so 
apparent in the 1984 study were not evident during the 1985 study. 
There was very little variation in the data either horizontally (both 
transverse aid longitudinal directions) or vertically (between depths). 
This was true of nearly all the parameters that are of interest to this 
research. Obviously, the lake had become destratified by the time 
transect sampling was started. Although the regular weekly sampling at 
the reservoir had shown it to be stratified, it rained a few days prior 
to the start of this particular transect study. The resulting flood 
combined with the effects of high wind velocities and moderate tempera­
tures to break down the resistance of the l^e causing it to mix. 
Of course, sli^t depth gradients were seen in water temperature, 
dissolved oxygen, suspended solids, and total phosphate, especially at 
the deeper stations. Most of these deep stations such as 1A2, 2A4, 3A4, 
4A5, and 5A1 were located over the old river dtannel. But, these depth 
gradients were for the most part negligible. For example, the greatest 
temperature drop between the top and bottom of the lake was only 1.8*C. 
The dissolved oxygen concentrations were also fairly uniform throughout. 
The greatest drop in the concentration of that parameter was only 
1.47 mg/1 over a depth of 8.0 meters. For the most part the surface 
locations were ^ bout 80% saturated with dissolved oxygen vAiile bottom 
locations were dbout 75* saturated, a difference of only five percent. 
In the horizontal directions, water temperature varied very little. For 
example, the greatest differ^ce between surface dissolved oxygen 
concentrations at any two locations was only 1.28 mg/1. That was 
between Stations 2A2 and 5A5. 
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Generally, uniform ccmcent rat ions were also reported for a=xiia, 
nitrite plus nitrate, and total phosphate. Ammonia concentrations 
ranged from 0.01 mg/1 at Station 5A2 to 0.20 mg/1 at Station lAl with a 
slight increase in the downstream direction. As for nitrite plus 
nitrate, «le concentrâtiwis were generally low, ranging from 2.38 to 
3.45 mg/1, again with the conceit rat ions increasing slightly in the 
downstream direction. 
In general, the concentrations of suspended solids and total phos­
phate parallel each other, and both tended to increase with depth. In 
fact, the maximum suspended solids concentration of 295 mg/1 was mea­
sured at the bottom of Station 5A1, the same point %Aere the maximum 
total phosphate concentration also occurred. Generally the concentra­
tions of these two parameters increased slightly in the upstream direc-
ti(xi. This was to be expected because of two important reasons. First, 
much of the total phosiAate and suspended solids fowd in the reservoir 
came with the runoffs delivered into Saylorville L^e by the Des Moines 
River. Secondly, total phosi4iate and suspended solids are particulate 
parameters, the bulk of *Aich were expected to settle down to the bottom 
of the reservoir. Therefore, it was reasonerible to expect hi^ier concen­
trations of these two parameters at locations closer to the headwaters. 
This was especially true since at i%)stremi locations, the particulates 
would not have had as much time to settle to the lake bottom as would be 
the case at downstream locations. Finally, It should be observed that 
it rained in the drainage basin of the Des Moines River a few days prior 
to the start of transect sampling. In fact the flood fro* that storm 
combined with other factors to cause the reservoir to destratify. 
Hence, it is reason^le to conclude that the increases in suspended 
solids and total phosphate concentrations in the longitudinal direction 
may be due partly to the effect of that storm. But, it will be shown 
shortly that not all of these variations are statistically significant. 
Table 8 shows the three-way analysis of variance tables for the six 
parameters being considered. From that table, it can be seen that the 
variatiws in the concentrations of five of the six parameters were not 
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Table 8. Three-way analysis of variance (ANOVA) of selected parameters 
from the second transect study of Saylorville Reservoir, 
August 15-21, 1985 
Source of variation Degrees Adjusted Adjusted F 
of sua of mean 
freedom squares square 
Temperature (°C> 
Depth 10 2.0593 0.2059 1.52 
Among transects 4 0.7613 0.1903 1.41 
Within transects 4 0.7752 0.1938 1.43 
E%rror 161 21.7511 0.1351 
Dissolved oxyqen (mq/l) 
Depth 10 1.7665 0.1766 1.25 
Among transects 4 0.6892 0.1723 i.22 
Within transects 4 0.6085 0.1521 1.08 
Error 161 22.6688 0.1408 
Ammonia (mq/l) 
Depth 5 0.000829 0.000166 0.13 
Among transects 4 0.004336 0.001084 0.86 
Within transects 4 0.000187 0.000045 0.04 
Error 77 0.098329 0.001277 
Nitrite plus nitrate 
nitrogen (mq/l) 
Depth 5 0.4552 0.0910 1.33 
Among transects 4 0.3280 0.0820 1.21 
Within transects 4 0.2480 0.0620 0.91 
Error 82 5.5924 0.0682 
Suspended solids (mq/l) 
Depth 2 8, 226.59 4, 113.30 4.07* 
Among transects 4 7, 098.49 1, 774.62 1.76 
Within transects 4 2, 298.59 574.65 0.57 
Error 64 64, 660.79 1, 010.32 
Total 74 82, 284.42 
Total phosphate (mq/l) 
Depth 2 0.0383 0.0192 1.72 
Among transects 4 0.0549 0.0137 1.23 
Within transects 4 0.0556 0.0139 1.25 
Error 64 0.7124 0.0111 
Total 74 0.8612 
* Significant at P = 0.05. 
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statistically significant at the 95% level of confidence. These 
parameters include dissolved oxygen, temperature, ammonia, nitrite plus 
nitrate, and total phosphate. Besides, the lack of statistically 
significant variations in the parameters included the three directions 
of interest: vertical (deptA), transverse (within transect), and 
longitudinal (amcmg transects). 
The lone exception to the above was suspended solids. As can be 
seen from Table 8, the depth gradients of this parameter were statis­
tically significant at the 95% level of confidence. Thq^ slopes in the 
other directions, including the longitudinal direction, were not signi­
ficant. Although the ANOVA table showed the existence of significant 
depth gradients for suspended solids concentrations in this transect 
study, the results must be interpreted very carefully. First, an exam­
ination of the raw data in T^le 36 in the Appendix showed that only 
three depth samples of suspended solids were collected at each station. 
These were at the surface, at mid-depth, and at the bottom of the l^e. 
Besides, there was virtually no difference between the surface and mid-
depth concentrations. Therefore, most of the variability can be attri­
buted to the bott<» samples. For example, at Station 5A1, the surface 
and aid-depth concentrations were 16 ag/1 and 18 mg/1, respectively. 
For all practical purposes, the two can be said to be equal. But, the 
bottom concentration at that same station was 295 mg/1, which goes to 
show that the bottom samples contributed unduly to the depth gradimts. 
In nine of the 25 stations, mid-depth concentrations of suspended solids 
were equal to, or less than, the corresponding surface values. 
The point here is that the significance of the depth gradients for 
suspended solids must be interpreted very carefully. The analysis of 
variance table may have shown that there was a significant variation. 
But that was due to the bottom samples. Had many more depth sasples 
been collected, it is probable that the data would have shown very 
little variability until the deepest sample. In that case, the F-ratios 
would not have been significant since the fractional contribution of the 
deepest samples to the depth sua of squares (SSD) would be considerably 
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smaller. Therefore, it is fair to cwclude that during the seccmd 
transect study, the depth gradients of suspended solids concentrations 
were significant, only, at sampling points close to the lake bottom. 
Part of the problem has to do with the nature mid characteristics 
of the suspended solids parameter. A good fraction of the susp^ided 
matter that is deposited into the reservoir is organic with a specific 
gravity slightly greater than 1.00. Therefore, the material does not 
clearly settle to the bottom of the lake. Instead, It floats close to 
the bottom, and so, can be picked w whan sampling at that level. 
At this point, it may be Instructive to discuss the concept of 
complete mixing as it aivlies to Saylorville Reservoir. Is it accurate 
to assume that the reservoir is a completely mixed system, as has been 
done by many previous researchers? It has been shown that when the l^e 
is not stratified, the six parameters analyzed in this study do not vary 
significantly in any of the three directions of interest. Since these 
three directions can effectively define every point in the reservior, it 
is reasonable to assume the lack of variability in all possible direc­
tions. In other words, the average values of many of the parameters do 
not vary significantly from one point to another, during the periods 
when the reservoir is not stratified. Consequently, it is reasonable to 
assiste that at such times, Saylorville Reservoir can be assumed to be a 
completely mixed system without significant error. But, once the l^e 
stratifies, the concept of complete mixing becomes inapplicable and 
caimot be assumed. 
Results of the Red Rock Study 
In contrast to the Saylorville Reservoir where two studies were 
conducted, a total of ten transect studies were conducted at Red Rock 
Reservoir. Also, many of the chemical parameters sampled during the 
Saylorville studies were not sampled. In fact only two, dissolved 
oxygen and total phosphate were included in the transect studies of Red 
Rock Reservoir. E>^en then, total phosphate was sampled only during the 
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last five of the ten studies. Thus, the data analysis presented in the 
following pages will be limited to only three parameters, namely, 
temperature, dissolved oxygen, and total phosphate. Table 9 shows the 
means, standard deviations, and number of samples of each parameter 
collected during each of the ten transect studies. As was done before, 
three-way analysis of variance tables were used to analyze the data and 
to evaluate the significance of the concentrations of the parameters in 
three important directions. 
Study Nuntoer 1 (July 12-14, 1978) 
Prior to the first transect study of Red Rode Reservoir, heavy 
rains fell in the drainage basin of the river. The resulting floods 
coBribined with the strong winds that were prevalent during the study 
period, created large waves to cause the lake to mix. Hence, there was 
very little variation in the concentrations of the parameters. For 
example, the largest difference between surface and bottom concantra-
tions of dissolved oxygen (Table 41 in the Appendix) was only 2.50 mg/1 
at Station 2 on the transect WES-T-3A. The horizontal differences 
within the transects were even smaller. For instance, the largest 
horizontal concentration difference within any transect was 0.65 mg/1 
and it occurred along transect NES-T-3A. 
In the same vein, the water temperatures were fairly uniform. Very 
little variation was observed (Table 40 in the Appendix) in the value of 
this parameter as the water depth increased or along any of the five 
transects. In fact, the largest difference with respect to depth was 
only 2.70c and the greatest teagierature difference within any transect 
was 1.8<*c, at the transect WES-T-3A. It was therefore not surprising 
that the analysis of variance tables of Table 10 showed a lack of vari­
ation in the vertical (depth), longitudinal (among transects), or trans­
verse direction (within transects). This confirms the fact that the 
reservoir was well mixed at that time, at least with respect to 
temperature and dissolved oxygen. 
Table ' 
Study 
number 
•1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Means and standard deviations of the parameters from the transect studies of Red Rock 
Reservoir 
Temperature (°C) 
Number Standard 
of Mean deviation 
samples 
137 24.5 1.79 
128 26.0 1.14 
129 25.3 0.92 
130 24.7 1.80 
129 25.8 1.55 
345 19.5 1.92 
185 24.2 1.55 
143 28.5 0.77 
149 23.7 0.49 
Dissolved oxygen (mg/l) 
Number Standard 
of Mean deviation 
samples 
137 6.30 0.47 
128 6.30 0.47 
129 8.08 2.91 
130 6.10 0.98 
129 7.49 5.12 
102 8.90 2.86 
346 6.69 2.14 
183 5.85 2.81 
144 6.37 3.87 
148 6.88 0.87 
Total phosphate (mg/l) 
Number Standard 
of Mean deviation 
137 1.24 0.41 
345 0.21 0.22 
188 0.41 0.12 
135 0.85 0.16 
146 0.70 0.10 
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Table 10. Three-way analysis of variance (ANOVA) of selected parameters 
from the transect studies of Red Rock Reservoir (Numbers 1 
and 2) 
Study Number 1 (July 12-14, 1978) 
Source of variation Degrees Adjusted Adjusted F 
of sum of mean 
freed<» squares square 
Tefloerature (®C) 
Depth 10 51.0134 5.1013 1.60 
Among transects 4 16.8344 4.2086 1.32 
Within transects 4 7.2694 1.8174 0.57 
Error 118 376.2194 3.1883 
Dissolved oxvqen (nq/l) 
Depth 10 3.0854 0.3085 1.42 
Among transects 4 0.9540 0.2385 1.10 
Within transects 4 0.5204 0.1301 0.65 
Error 118 25.5848 0.2168 
Study Number 2 (July 26-27, 1978) 
Source of variation Degrees Adjusted Adjusted F 
of sum of mean 
freedom squares square 
Temperature (®C) 
Depth 10 17.4195 1.7420 1.34 
Among transects 4 5.8238 1.4560 1.12 
Within transects 4 3.7959 0.9490 0.73 
Error 109 141.6956 1.3000 
Dissolved oxvqen (mq/l) 
Depth 10 11.6081 1.1608 1.59 
Among transects 4 2.2778 0.5695 0.78 
Within transects 4 3.0663 0.7666 1.05 
Error 109 79.5809 0.7301 
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Study Nimhf»r 0 (July 26-27. 1978) 
The second transect study was performed under very windy condi­
tions, even though no measurable precipitation (receded the study. The 
reservoir was still well-mixed, but the ccxicentrations of the parameters 
were no longer as uniform as was Observed during the first study, two 
weeks earlier. In fact, some level of chemical (but not thermal) 
stratification was apparent, as can be seen from Table 43 in the Appen­
dix. This was especially true of the dissolved oxygen concentrations at 
the deep staticxis. For example, at Station 2 on Transect WES-T-3A, the 
surface and bottom concentrations of dissolved oxygen were 6.89 mg/1 and 
2.40 mg/1, respectively. That is a 4.49 mg/1 decrease in concentration 
from the surface to the bottom of the lake. On the other hoid, mud) 
smaller concmtratlon gradients were observed at the shallower stations. 
For Instance, at Station 5 on Transect WES-T-4A, there was a 0.31 mg/1 
difference between the dissolved oxygen concentrations at the surface 
and bottom of the lake. 
Aich less variation was observed in the distribution of water tem­
perature. The differences along the transects were generally less than 
1.0°C. Of course, the depth gradients were larger, but these were about 
1.5*C or less at the deepest stations. For example, the temperature 
difference between the surface and bottom samples at Station 4 along 
Transect WES-T-lA was orûy 1.5*C over a depth of 10.5 meters. As for 
the shallower stations the temperature gradients were expectedly less. 
The absence of significant variation in the spatial distribution of 
both temperature and dissolved oxygen concentrations, during the second 
transect study of Red Rock Reservoir, were confirmed by the three-way 
analysis of variance. It can be seen from T^le 10 that the F-ratios 
were not significant at the 95% level of confidence. In other words, 
two weeks after the first transect study, the reservoir was still mixed 
at least with respect to water temperature and dissolved oxygen. 
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Study Nimber 3 (August 8-10. 1978) 
Red Rock transect study number three was conducted under dry and 
generally warm conditions. Chemical stratification of the lAe, which 
was observed to have started during the second study, was already com­
pleted by the third study,. In fact the reservoir was also thermally 
stratified by the time the third study was conducted. The re-stratifi­
cation of the reservoir was aided by the generally warm and dry condi­
tions that preceded the study. Indeed, there was no significant storm 
event in the drainage basin between the second and third transect 
studies. 
Dissolved oxygen concentrations were hi* and generally above 
saturation levels at nearly all surface stations. Besides there was 
considerable variability in the concentrations both at stations along a 
given transect, and between transect s. For example, along Transect 
NES-T-3A, the dissolved oxygen concentrations (T^le 45 in the Appendix) 
varied from 9.90 mg/1 at Station 1 to 17.80 mg/1 at Station 5, a change 
of 7.90 mg/1 or nearly 80%. Water temperatures (Table 44 in the Appen­
dix) were also variable, but not by much. Indeed, the temperature 
changes alcmg any transect were less than 1.0*C at the surface. The 
main temperature gradients were observed in relation to depth. 
In order to test the significance of the variations in the spatial 
distribution of these parameters, three-way malysis of variance method 
was used to analyze the data. The results vAich are presented in Table 
11 showed that the depth gradients of water temperature were significant 
at the 95% level of confidence. But, the transverse and longitudinal 
variations were not significant. In the case of dissolved oxygen, it 
was found that the vertical (depth), transverse (within transects), and 
longitudinal (among transacts) gradients were all significant at the 95% 
level of significance. Indeed, the depth gradients of dissolved oxygen 
were still statistically significant at the 99% level of significance. 
In other words. Red Rock Reservoir was fully stratified both thermally 
and chemically. 
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Table 11. Three-way analysis of variance (ANOVA) of selected parameters 
from the transect studies of Red Rock Reservoir (Numbers 3 
and 4) 
Study Numdoer 3 (August 8-10, 1978) 
Source of variation Degrees Adjusted Adjusted F 
of sum of mean 
freedom squares square 
Temperature (®C) 
Depth 10 19.6320 1.9632 2.31* 
Among transects 4 3.4675 0.8667 1.02 
Within transects 4 3.1615 0.7904 0.93 
Error 110 93.4890 0.8499 
Dissolved oxvqen (ma/l) 
Depth 10 322.9402 32.2940 3.81** 
Among transects 4 86.4564 21.6141 2.55* 
Within transects 4 88.1517 22.0379 2.60* 
Error 110 932.3710 8.4761 
Study NuHdser 4 (August 23, 1978) 
Source of variation Degrees Adjusted Adjusted F 
of sua of mean 
freedom squares square 
Temperature ("O 
Depth 10 56.4132 5.6413 1.74 
Among transects 4 9.9858 2.4965 0,77 
Within transects 4 7.0030 1.7508 0.54 
Ei'ror 111 359.8731 3.2421 
Dissolved oxvqen (aa/1) 
Depth 10 19.1919 1.9192 2.01* 
Among transects 4 5.6525 1.4132 1.48 
Within transects 4 4.2012 1.0503 1.10 
Error 111 105.9828 0.9548 
* Significant at P = 0.05. 
** Significant at P = 0.01. 
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Study NimhAT A  (August 23. 1978) 
By the time the fourth study was conducted, the resistance of the 
lake to mixing had been overcome «id the reservoir was once again de-
stratified. The study was preceded by occasional showers in the basin 
and generally warm temperatures. Hater temperatures (Table 46 in the 
Appendix) were generally uniform with little variation both along tran­
sects and between transects. This also applies to the depth gradients, 
too. For the most part, the temperature differences in any of the three 
directions were less than 1.0®C. 
Similarly, the dissolved oxygen concentrations (Table 47 in the 
Appendix) were quite imiform in all horizontal directions, and the 
surface values were gaierally below saturation. But, with respect to 
d%)th, there was still some level of stratification left. In fact the 
result of the three-way analysis of variance shown in T^le 11 indicates 
that dissolved oxygen concentration gradients were statistically sig­
nificant with respect to depth only. Significant gradients were not 
found in any other direction. In the case of water temperature, the 
analysis of variance showed no statistically significant variation in 
any of the three directions of interest. 
Study NuaJber 5 (September 9. 1978) 
The dry and warm weather conditions that were prevalent during the 
fourth study, were still in place at the time the fifth transect study 
was conducted at Red Rock Reservoir. The river discharge had decreased 
because of the lack of precipitation. The dissolved oxygen concentra­
tions (Table 49 in the i^ppendix) were above saturation and were highly 
variable at surface locations, (kxnsiderable variability was observed at 
sampling stations along a given transect and W)ng the transects, too. 
Depth gradients were quite large, especially at those stations with the 
greatest depths. For example, at Station 5 on the transect WES-T-4A, 
the surface and bottom concentrations of dissolved oxygen were 
19.80 mg/1 and 0.85 mg/1, respectively, or a drop of nearly 19.0 mg/1 
between the two points. That the depth gradients were significant is 
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amply demonstrated by the results of the three-way analysis of variance 
of the dissolved oxygen data. As can be seen from Table 12, it is clear 
that the variations in concentration as the water depth increases were 
statistically significant at the 99.9% level of significance. But, the 
transverse (within trisects) mxl longitudinal (among transects) gradi­
ents were not significant. In other words, the reservoir was vertically 
stratified with respect to dissolved oxygen concentrations, at the time 
of the fifth transect study. 
Hater temperature (T^le 48 in the Appendix) variations were con-
sider^le, but only with respect to depth. Horizontal differences in 
temperature were quite small. For example, vAiile the surface tempera­
tures along a given transect may vary by only 3.0*C at the most, the 
differences in the vertical direction were much larger. Indeed, when 
the data were analyzed statistically, using the three-way analysis of 
variance approach, it was found that the temperature gradients in the 
vertical direction were significant at the 99% level of significance. 
Also, the transverse and longitudinal gradients were not significant. 
Again, this goes to confirm that the reservoir was thermally and 
chemically stratified at that time. 
Study Numier 6 {February 9-10. 1979) 
The sixth transect study was the first and only transect study 
conducted OT Red Rock Reservoir during the winter. For many weeks prior 
to the study, the reservoir was covered by a clear layer of ice. 
However, a few days before sailing began, there was a heavy snowfall 
which greatly reduced light penetration through the ice. Besides, it 
was windy, the aidbient temperature dropped considerdOly with the result 
that it was bitterly cold and the windchiU factor was so severe that it 
was not possible to make accurate determination of water temperature. 
Hence, none was reported for the sixth transect study. Also, many 
dissolved oxygen samples were lost because the sample bottles froze and 
broke as a result of the bitter cold. But from the (bta resulting from 
the sables that were saved (Tdble 50 in the Appendix), it is clear that 
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Table 12. Three-way analysis of variance (AMOVA) of selected parameters 
from the transect studies of Red Rock Reservoir (Numbers 5 
and 6) 
Study Nimber 5 (S^teWxr 9 , 1978) 
Source of variation Degrees Adjusted Adjusted F 
of sum of mean 
freedom squares square 
Teaoerature (®C) 
Depth 10 71.7253 7.1725 2.98** 
Among transects 4 11.2643 2.8161 1.17 
Within transects 4 11.8419 2.9605 1.23 
Error 110 264.7590 2.4069 
Dissolved oxvqen (mq/1) 
Depth 10 3,771.6008 377.1601 14.37*** 
Among transects 4 207.4601 51.8650 1.98 
Within transects 4 145.1746 36.2937 1.38 
Error 110 2,886.6970 26.2427 
Study Number 6 (February 9-10, 1979) 
Source of variation Degrees Adjusted Adjusted F 
of sum of mean 
freedom squares square 
Total Phosphate (mq/1) 
Depth 10 4.7327 0.4733 2.78** 
Among transects 4 2.1238 0.5310 3.12* 
Within transects 4 0.8821 0.2205 1.30 
Error 118 20.0836 0.1702 
* Significant at P = 0.05. 
** Significant at P = 0.01. 
*** Significant at P = 0.001. 
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the dissolved oxygen concentrations were highly variable and that the 
reservoir was stratified at that time. However, the statistical sig­
nificance of the variations in the data will not be tested because three 
stations along Transect WES-T-IA had no data at all. 
Luckily, total pAiosphate was sampled during this particular study, 
and for the first time. As it turned out, total phosphate was the only 
parameter that is of interest to this research for which complete data 
were available from the sixth study. It can be seen from Table 51 in 
the Appendix that the concentrations varied a lot both along transects, 
among transects and with depth. But, when these variations were tested 
statistically, using the analysis of variance approach, it was found 
that the dopth gradients were significant at the 99% level while the 
longitudinal variations {saong transects) were significant at the 95% 
level of significance (Table 12). However, the transverse gradients 
(within transects) were not significant. In other words, the reservoir 
was chemically stratified at that time, at least with respect to the 
total phosphate parameter. 
Study Number 7 (Jtme 6-7. 1979) 
As was usual in this area, heavy rains fell in the drainage basin 
during the spring of 1979, with the result that the water surface eleva­
tion at Red Rock rose substantially. Of course, the depth increased, 
with a corresponding increase in the niaaber of depth saaples that were 
collected during the seventh study. Temperature variations were minimal 
in the horizontal directions, but as Table 52 in the Appendix clearly 
shows, there were significant temperature drops as the depth increased. 
There was an obvious thermocline at a depth of about 9.5 meters. Dis­
solved oxygen (Table 53 in the Appendix) ccncsDtrations were slightly 
below saturation at most of the surface stations, but dropped rqpidly to 
a low value below the thermocline. Horizontal variations in the dis­
solved oxygen concentrations were negligible, 0.50 mg/1 or less. Simi­
larly, the concentrations of total phosigAate (Table 54 in the Appendix) 
did not vary by much in the horizontal directions, both along specific 
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transects and among the five transects. With respect to depth, the 
total phosphate concentrations were fairly uniform up to a depth of 
about 10.5 meters (the thermocline). Bey(x%d that, the concentrations 
tended to increase more rapidly. 
In order to test the statistical significance of the concentration 
gradients of the three parameters in the trmsverse, vertical and 
longitudinal directions, the data were analyzed using the analysis of 
variance ^wroach. The results are presented in Table 13. From these 
results it can be shown that the transverse and longitudinal gradients 
were not significant, but that the depth gradimts for all three 
parameters were significant at the 99.9% level of confidence. These 
results go to confirm that Red Rock was thermally aid chemically 
stratified at the time of this study. 
Study NiMhAr ft fJuly 11-13. 1978) 
By the time the ei^th study was conducted, the l^e's surface ele­
vation had fallen considerably from the level encountered during study 
number seven. Water clarity had deteriorated somewhat; and the study 
was preceded by mild temperatures and occasional showers. Differmces 
in water temperatures (Table 55) were negligible in all horizontal 
directions (less than 1.0*C), but were somevrtiat larger in the vertical 
direction. This was particularly true of the deeper stations where 
surface to bottom temperature differ^ices were as large as 5.0*0. 
Like water teaqperature, little variation was (^served in dissolved 
oxygen concentrations (Table 56 in the Appendix) among the transects or 
along a specific transect. But, considerable variations were observed 
between the depth samples. Similarly, the horizontal gradients in tiie 
concentrations of total phosphate (Table 57 in the Appendix) were quite 
small. But, contrary to e^qpectations, the depth gradients of total 
t4K}s{4iate were not as large, despite the obvious stratification of 
dissolved oxygen concentrations. The concentration of total phosphate 
was expected to increase as the concentration of dissolved oxygen de­
creased (Bates and Neafus, 1980). It was prda^le that the total pbos-
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Table 13. Three-way analysis of variance (ANOVA) of selected paraaeters 
from the transect studies of Red Rock Reservoir (Number 7), 
June 6-7, 1979 
Source of variation Degrees Adjusted Adjusted F 
of sum of mean 
freedom squares square 
Temperature (®C> 
Depth 19 221.2660 11.6456 3.16*** 
Among transects 4 24.2890 6.0723 1.65 
Within transects 4 8.8550 2.2138 0.60 
Error 317 1,167.1306 3.6818 
Dissolved oxvaen (raq/1) 
Depth 19 1,690.5668 88.9772 19.51*** 
Among transects 4 12.9376 3.2344 0.71 
Within transects 4 11.4485 2.8621 0.63 
Error 318 1,450.2549 4.5606 
Total Phosphate (ma/l) 
Depth 19 7.8727 0.4144 8.62*** 
Among transects 4 0.1357 0.0339 0.71 
Within transects 4 0.2536 0.0634 1.32 
Error 317 15.2360 0.0481 
*** Significant at P = 0.001. 
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phate concentrations at or near the lake bottom did not increase much 
because the oxygen concentrations were too high for reducing conditions 
to be firmly established. In fact, Frevert (1980) reported that at 
oxygen concentrations as low as ten percent of saturation, little or no 
phosphorus would be released from lake sediments to the overlying water. 
This is because anaerobic reactims which favor phosphorus release would 
pn^sably not proceed at reason^le rates at such dissolved oxygen con­
centrations. Obviously, oxygai measured at the l^e bottom during this 
study was not low enough for anoxic conditions to predominate at the 
lake bottom. 
As was done previously, the data for the three parameters were 
analyzed using the three-way analysis of variance approach. The results 
whicA are presented in Table 14 showed that horizontal variations 
(transverse and longitudinal) were not significant for any of the three 
parameters. However, the depth gradients were significant for water 
temperature at the 97.5% level, and for dissolved oxygen concentration 
at the 99.9% level of confidence. But, the depth gradients of total 
phosphate were not significant at the 95% level of confidence. 
Obviously, the above results show that the reservoir was thermally 
and chemically stratified since the depth gradients of temperature and 
dissolved oxygen were statistically significant, even though the 
horizontal variations of both parameters were not significant. In other 
words, the lake was stratified with respect to temperature and dissolved 
oxygen. At the same time, the lake cœi be said to be mixed with respect 
to total phosphate concentrât ions, since the variations with respect to 
the vertical and horizontal (traisverse and longitudinal) directions 
were not statistically significant. Therefore, the reservoir can be 
stratified with respect to some parameters and not with respect to some 
others. Hence, it may no longer be sufficient to claim that a given 
reservoir is stratified or mixed. The parameters for which the level of 
stratification was evaluated must be specified. 
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Table 14. Three-way analysis of variance (ANOVA) of selected parameters 
from the transect studies of Red Rock Reservoir (Number 8), 
July 11-12, 1979 
Source of variation Degrees Adjusted Adjusted F 
of sum of mean 
freedom squares square 
Temperature (®C) 
Depth 12 59.9110 4.9930 2.07* 
Among transects 4 8.3760 2.0940 0.87 
Within transects 4 0.9400 0.2350 0.10 
Error 164 395.0275 2.4087 
Dissolved oxygen (mq/1) 
Depth 12 1,297.070 108.090 13.73*** 
Among transects 4 42.330 10.580 1.34 
Within transects 4 1.570 0.393 0.05 
Error 162 1,275.588 7.874 
Total Phosphate (mq/1) 
Depth 12 0.2604 0.0217 1.47 
Among transects 4 0.0529 0.0132 0.89 
Within transects 4 0.0160 0.0040 0.27 
Error 167 2.46930 0.0148 
* Significant at P = 0.05. 
*** Significant at P = 0.001. 
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Study Number 9 (August 9-10. 1979) 
Hot and humid weather conditions preceded the ninth transect study 
of Red Rock Reservoir. Water temperatures were high but fairly uniform. 
Vertical variations in this parameter were quite small and the horizon­
tal gradients were even smaller. For Instance, the largest temperature 
difference between the surface and bottom of the lake was 2.7*C at 
Stati(X) WES-T-2A4. But most of the depth differences were less than 
1.0°C, as can be seen from Tdble 58 in the Appendix. Temperature dif­
ferences among the transects and along specific transects were even 
smaller. For example, along Transect HES-T-4A, the largest horizontal 
temperature difference between any two stations was only 0.5*C. (Avl-
ously, the reservoir had thermally destratlfled since the last study two 
weeks earlier. This was prt^jably due to the runoff from the rain that 
fell in the basin since then. Indeed, the above conclusion was con­
firmed by the three-way analysis of variance of the water temperature 
data. The results, whidi are presented in Table 15, show that the vari­
ations were not statistically significant (95* level of confidence), in 
any of the three directlois of Interest. 
Dissolved oxygen (Table 59 in the Appendix) concentrations were 
much more variable, and surface concentrations were at or below satura­
tion at most stations. There were sizeable concentration differences 
along transects and among transects too. For example, there was a 
2.30 mg/1 difference in dissolved oxygen concentrations between Stations 
1 and 5 alcmg transect WES-T-2A. But, this is small compared to the 
differences in the vertical direction. At Station SES-T-3A1, for 
instance, the surface and bottom concentrâtIws were 8.10 mg/1 aatd 
0.10 mg/1, respectively, or a difference of 8.00 mg/1. At some stations 
such as Station WES-T-2A4, the dissolved oxyg«i concentration was zero 
from a depth of nearly 7.5 meters all the way to the bottom at 9.5 
meters deep. Obviously, the reservoir was chemically stratified with 
respect to dissolved oxygen concentrations. The stratification was most 
apparent at the deep stations. In fact, many of the shallower stations 
showed little sign of stratification at all. 
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Table 15. Three-way analysis of variance (ANOVA) of selected parameters 
from the transect studies of Red Rock Reservoir (Nua^ber 9 ) ,  
August 9-10, 1979 
Source of variation Degrees Adjusted Adjusted F 
of sum of mean 
freedom squares square 
TenHPerature (®C) 
Depth 10 8.3527 0.8353 1.42 
Among transects 4 1.8421 0.4605 0.78 
Within transects 4 2.4908 0.6227 1.06 
Error 124 73.0013 0.5887 
Dissolved oxvqen (ma/l) 
Depth 10 948.720 94.870 6.33*** 
Among transects 4 86.422 21.610 1.44 
Within transects 4 93.833 23.475 1.57 
E^cror 125 1,872.9250 14.9834 
Total Phosi^iate (raa/l) 
Depth 10 0.4716 0.0472 1.80 
Among transects 4 0.2358 0.0590 2.25 
Within transects 4 0.1478 0.0369 1.41 
E&ror 116 3.0392 0.0262 
*** Significant at P = 0.001. 
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That Red Rock Reservoir was vertically stratified at that time with 
respect to dissolved oxygen was confirmed by the results of a three-way 
analysis of variance shown in T^le 15. The F-ratios showed that the 
depth gradients were statistically significant at the 99.9% level of 
confidence. However, the horizMital variations were not significant at 
the 95% level. 
Total phosphate (Table 60 in the Appendix) concentrations ranged 
from a low of 0.58 mg/1 at Station WES-T-3A2 to a hiç^ of 1.33 mg/1 at 
Station WES-T-5A4, with the highest concentrations occuring along the 
fourth and fifth transects. The concentration differences along a 
specific transect were small. But, there was definitely a tendency for 
the concentrations to increase at the upstream transects. In the 
vertical direction, the total phosphate concentrations varied very 
little. There was little indication that the lake was stratified with 
respect to the total phosphate parameter. This was indeed the case as 
can be seen from the three-way analysis of variance of the total phos­
phate data shown in Table 15. From that t^le, it is envious that the 
F-ratios were not significant at the 95% level of confidence, in any of 
the three directions of interest. In other words, the reservoir was 
mixed with respect to the total phosphate parameter. 
In this section, it has been shown that during Study Number 9, Red 
Rock was not thermally stratified, but was chemically stratified with 
respect to dissolved oxygen but not with respect to total phosphate 
concentrations. Again, these results help re-emphasize the need to 
specify the parameter for which reservoir stratification is being 
evaluated. 
Study Nunfcer 10 {SepteaJber 9. 1979) 
The tenth and last of the transect studies conducted on Red Rock 
Reservoir was preceded by locally heavy rain showers and warm tempera­
tures. It was therefore, not surprising that the water teggieratures 
(Table 61 in the Appendix) were fairly uniform throughout the l^ce. 
Vertical temperature differences were small, 2.0®C or less, and the 
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horizontal variations were even smaller. In fact, the minimum and 
maximum temperatures reported during t!><is study were 22.0*C and 24.6*C, 
respectively. Similarly, uniform total (Aosphate (Table 63 in the 
Appendix) concentrations were the norm at Red Rock during this study. 
The depth gradients were small and both the transverse and longitudinal 
variations were even smaller. For exao^ple, the surface and bottom 
concentrations at Station HES-T-1A4 were 0.68 mg/1 and 0.58 mg/1, 
respectively, or a difference of only 0.10 mg/1, over a depth of 
11.0 meters. 
Tke dissolved oxygen (Table 62 in the Appendix) concentrations were 
below saturation at most surface stations. Horizontal differences in 
dissolved oxygen concentrations were negligible; most were less than 
0.50 mg/1 along any transect. The vertical concentration differences 
were also small, but some*Aat larger than the horizontal differences. 
Indeed, <xily two depth saiwples, at Station WES-T-3A2, were less than 
4.00 mg/1. Except at the deepest stations, %*ere the concentrations 
drop off notlce^ly, dissolved oxygen was fairly uniform throughout the 
reservoir. In other words, the reservoir seemed to be mixed at the time 
the last of the transect studies was conducted. 
The above conclusion was re-inforced by the results of the three-
way analysis of variance cm the total phosphate, water temperature, and 
dissolved oxygen data. These results, which are shown in Table 16, 
indicate that statistically significant variations were not present in 
the data for any of the three parameters. Hence, it can be concluded 
that the reservoir was not thermally stratified iAen the tenth transect 
study was conducted. Of course, it was chemically stratified, at least 
with respect to dissolved oxygen. 
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Table 16. Three-way analysis of variance (ANOVA) of selected parameters 
from the transect studies of Red Rock Reservoir (Number 10), 
September 9, 1979 
Source of variation Degrees Adjusted Adjusted F 
of sum of mean 
freedom squares square 
Temperature (°C) 
Depth 11 4.2964 0.3906 1.62 
Among transects 4 1.1947 0.2987 1.24 
Within transects 4 1.1797 0.2949 1.22 
Etror 129 31.0995 0.2411 
Dissolved oxvqen (raq/1) 
Depth 11 16.6709 1.5155 2.01* 
Among transects 4 4.5471 1.1368 1.51 
Within transects 4 1.3592 0.3398 0.45 
Error 128 96.4383 0.7540 
Total Phosphate (mq/1) 
Depth 11 0.1340 0.0122 1.20 
Among transects 4 0.0633 0.0158 1.56 
Within transects 4 0.0415 0.0104 1.02 
Error 126 1.2776 0.0101 
* Significant at P = 0.05. 
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HEIHODB OF TIIE SERIES ANALYSIS 
General Considerations 
Three methods were used to analyze the available series of water 
quality data. The first of these methods is the moving average method, 
vriiich uses a partial averaging process to smoothe out the instantaneous 
variations in the concentrations. That way the long term trends, if 
any, would be highlighted and interpreted. If the concentrations have 
been increasing, then the moving averages would show an upward trend. 
But, if the concentrations have been decreasing, then the moving 
averages would show a downward trend. 
The second method is the Box-Jenkins method that can be used to 
expand the analysis beyond what can be done with the moving averages. 
For exaple, if a consistent trend exists, the Box-Jenkins method can be 
used to show if it is significant. Besides, when a trend exists, the 
residuals can be analyzed for seasonal and/or cyclic variations. But, 
the interest in this dissertation is on the long term trends only, and 
the use of the Box-Jenkins method is limited to that. 
While the above methods can be used to show the existence (or lade 
of it) of trends in a time series of water quality data, they camot be 
used to predict future values. The Fourier series method, which is the 
third and last of the methods used in this research, can be used to 
predict future values. Since the concentration data were soaevrtiat peri­
odic, it was thought that a reasonably parsimonious Fourier series could 
be found that fit the mcmthly averages, with time as the indqxndent 
variable. With such a series, future average concentrations can be 
predicted. 
The development and application of the methods of time-series 
analysis arose out of the work of electrical and electronic engineers. 
Therefore, many of its techniques aid concepts are most suited to prdb-
lens in that area of knowledge. Such problems as slgpial processing with 
time domains, adaptive filtering and control, linear systems theory. 
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optimal estimation, modeling forecasting and frequency-domain analysis 
of electrical signals, are best suited for time-series methods (Graape, 
1984; Bras and Rodriguez-Iturbe, 1985). 
It was no accidafit that classical time series methods were devel­
oped for electrical engineering wod(. All of the more common applica­
tions mentioned above involve seemingly random stochastic processes with 
discrete time Intervals as the independent variole. Therefore, the 
time interval between samplings can be cwitrolled. But, more important­
ly the time interval can be kept constant to simplify the subsequent 
calculations. 
The "discrete time" form of time series is convenient for two major 
reasons. First, this avoids the difficulties in mathematical analysis 
that appear in continuous time stochastic data. These difficulties are 
due to prt^lems that arise in applying classical integration theory to 
random varioles. Rougfily spewing, classical integration and differen­
tiation imply continuity or predictability over short intervals, whereas 
randomness inqplies the (VPosite. To accommodate these difficulties, 
stochastic integration such as the one proposed by HcShane (1974) must 
be Invoked. At best, stochastic integration complicates the analysis; 
at worst, it makes the analytical problem intractable. 
In discrete time analysis, integrals are replaced by discrete sums, 
and differentials are replaced by differences. Therefore, the analysis 
is sisplified since continuity need not be assused. Secondly, any mean­
ingful analysis of time series is based on digital computation. Since 
the computer is a discrete machine, it is only natural that the time 
element be discrete as long as the sampling frequency is appropriate. 
In recent years, the methods of time series analysis have been 
increasingly used in long term water quality studies. But, the develop­
ment has been slow, due to many factors. The first is the lack of ade­
quate and usable data. Collecting long term water quality data from 
rivers and lakes is a full-time job that is l^)orious and expensive. 
Besides, several years of systematic sampling may be required to yield 
enough data for analysis, a factor that may be very discouraging to the 
58 
interested researcher. Consequently, a lot of the published works in 
this area rely on simulated data, rather than real field data. 
Secondly, the problem of sampling frequency severely limits the 
extent to which the accumulated data can be analyzed and the interpreta-
ti(xi of the results. Whereas hourly water quality data may be desir­
able, the logistics rarely allow for anything more than daily sampling 
for an extended period of time. In fact, a weekly sampling scheme is 
the most that can be expected in most cases. Therefore, evmts in the 
basin Bay generate significant data points between samplings that would 
not be measured. Okereke (1982) and Bierl (1982) showed that this 
happened with regard to suspended solids. Fortunately, this is not 
expected to affect the long-term traids in the data significantly. 
An even more serious problem in applying time series methods to 
evaluate traxls in water quality parameters is the fact that the data 
may consist of three components: a long term trend, a seasonal varia­
tion, and noise. To decompose the data into the various components 
would call for dedicated computational effort and the use of analytical 
approaches vrtiich are only recently being adepted for that purpose. 
Three methods were used to analyze the data available in this 
study. These include the Fourier Series Method, the Box-Jenkins Method, 
and the Moving Average Method. Each of these methods has its drawbadcs, 
but it is b(ved that the three methods taken together give a clearer 
picture of any trends in the water quality that have 
saHÇ)led for the past several years. 
Moving Average Method 
The moving average method is the simplest method for analyzing time 
series data. The calculations are easy, strai^tforward, and can be 
computerized with little difficulty. Mathematically, the terms of a 
moving average series can be defined as follows 
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4 
Cn+1 = C. (3) 
where ^ 
Cj = parameter concentration (*g/l), 
n = 1%, + 1, ^ +2 ..., and 
K is en even integer and is equal to the number of periods in a 
cycle (12 in this case). 
If K Is odd then the terms of the series would be defined be 
<1, = «1 
i=n-B=&+l 
where 
Kti iÇf3 K+5 |£t7 
2  '  2  '  2  '  2  * * *  '  
and Cj and n are as defined above. 
It is obvious from the definition of the moving average method that 
each tern in the series is the average of twelve months of sampling 
data. Therefore, the main value of this approach is to indicate Uœ 
general trend in the data over the years of sampling. It cannot, 
however, be used to decompose the data into its various exponents: 
gl(*al trend, seasonal variation, ax) noise. In fact, the method does 
the exact opposite. The continuous averaging process smoothes out the 
noise in the data set, while at the same time masking the seasonal 
variations. This is the most serious limitation of the moving average 
method of analyzing time series data. Therefore, the results must be 
interpreted carefully. 
If, as in this case, the primary focus is on the long term trend, 
the moving average method is very useful. By masking both the noise and 
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seasonal variations, the long tern trends can be higtiligtited and 
interpreted. 
In order to smooth out the effects of the seasonal variations, the 
cycle lœgth, K, must be chosen very carefully. If long term trends are 
desired, K must of necessity be equal to a year or twelve months. 
Otherwise, the results would be difficult to interpret. For example, if 
K were set equal to nine, then the data from one season or parts of two 
would not be included in each sequence. That is, instead of going from 
September through August, the sequence would go from September through 
Hay, leaving out the sinmer altogether. The opposite would happen if K 
were set equal to any number greater than twelve. 
Fourier Series Method 
The classical form of Fourier's series is best suited for analyzing 
continuous functions that are periodic. But, with appropriate modifica­
tions, Fourier's functions can be used to model discrete time series 
data provided that some conditions are met (McShane, 1974; ChurdiiU, 
1978). The most important of these conditions is that the variation of 
the data with time must be periodic or approximately periodic (Chur­
chill, 1978). As can be seen from Figure 4, which is a partial plot of 
the suspended solids data from Station 6, the periodicity requirement is 
at least approximately satisfied by the available data. 
In its simplest form, the Fourier's series can be defined by the 
following equations 
C = C(t) = -^+ (a^ cos ^  + b^ sin ^  ) (5) 
n=l 
tdiere 
C+2L 
a^ = ^ C(t) COS dt (6) 
c 
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Figure 4. Monthly average concentrations (mg/l) of suspended solids at station 6 
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C+2L 
^ C(t) Sin dt (7) 
C+2L 
where c = concentration (ng/1) (9) 
t = time (months) (10) 
2L = period = 12 months in this case (11) 
to = initial time (mmths) (12) 
and n = 0, 1, 2, 3 ... (13) 
The above definitions of the Fourier's series theorem is appllc^le 
only to continuous functions. But for discrete functions, the Integrals 
must be replaced by finite sums. Hence for the purpose of this 
research, the applicable expressions are 
C = C(t) = ^ + (a„ cos ^  sin ^ ) (14) 
n=l 
a^ = ^ (C(t).cos Z^).At (15) 
bn = L (C(t)«sin ®J^)»At (16) 
Co 1 
2 ~ 2L 
C(t)»At = mean (17) 
2L = period = 12 months in these cases 
and n = 0, 1, 2, 3 ... 
The Fourier's series method has several advantages over other 
methods of time series analysis. For example, the method uses no avera­
ging process, therefore extreme values carry adequate weight. Besides, 
the method may be used to model nearly all the maximums and minimums in 
the data set. Hence, most of the "noise" In the data can be accounted 
for using this method of analysis. 
63 
Overshadowing the advantages, however, are the 1imitâtiona of the 
method. First, use of the Fourier's series approach to model water 
quality data requires a dedicated computational effort. Finding the 
solutions is very laborious and time consuming. Besides, the method 
does not discriminate between trends, seaswial variation, and noise. 
Therefore, it cannot be used to decompose the data into its various 
components: a major limitation of the Fourier's series approach. Even 
though the data were approximately periodic, obvious differences exist 
between the years. Therefore the data for each year must be analyzed to 
determine the ^ iprcvriate coefficients. Hence, problems with parsimony 
(Kleinbaum and Ripper, 1978) may be expected. The most crucial limita­
tion of the method is that there is no guarantee of convergence to the 
actual value of the parameter estimated, whid) means that it is possible 
for any of Equations (5) through (17) to diverge away from the "expec­
ted" value. There is no way to determine the dances for convergence 
beforehand. The only available option is to compare the actual data 
with that generated by the atoowe method (Churchill, 1978). 
The Box-Jenkins Methodology 
The Box-Jenkins method for analyzing time series data consists of 
extracting the predictable movements from the observed data. The time 
series data are decogqposed into several components, namely, a trend, a 
seasonal variation (additive or multiplicative), a cyclical factor, end 
noise. The methods of decomposing the data into components are some­
times called filters. Generally, the Box-Jenkins approadi uses three 
linear filters: the autoregressive, the Integration, and the moving 
average filter. 
If these filters are thought of as being special types of sieves, 
then the Box-Jenkins method can be viewed as an approach by which time 
series data can be sifted through a series of progressively finer sieves 
(Vandaele, 1983). As the data pass through each sieve, some character­
istic component of the series is filtered out. This process will 
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terminate *Aen tdiat continues to go throu^ is judged so fine that no 
additioial information can be filtered out of it. In other words, only 
the ^ correlated noise remains as residue by the time the filtering 
process is completed. 
For exwple, by using the simple moving average sieve, as defined 
by Equations (3) and (4), the trend in a time series can be delineated. 
Once this is done, it is possible to remove the trend from the raw data 
before proceeding to the next filter. And if the data contain some 
seasonal variation, a modified form of the moving average model may be 
used to sift out the seas(X)al variation depending on whether the 
seasonal variatcxi is additive or multiplicative in nature. 
Not all the filters available with the Box-Jenkins methodology can 
be applied to any set of time series data. The nature of the available 
data generally determines which of the analytical schemes can be used. 
For example, the autoregressive and integrated moving average models 
cannot be used on data with no trend. Besides, the data must satisfy 
the stationarity condition (a concept to be defined shortly) for the 
above methods to work. Otherwise, the data must be transformed to 
satisfy the requirements of that condition. On the other hand, the 
moving average model and most of its variants require neither the 
stationarity condition nor the existence of a trend for the method to be 
applicable. Hence, they are applicable to nearly every set of time 
series data imaginable, stochastic or not. A major drawback, thou^, is 
that the results must be Interpreted with caution, since they are only 
qualitative. 
Finally, it should be bome in mind that finding the number end 
nature of the filters that would adequately describe the particular time 
series under consideration is eqpjivalent to finding the structure, 
identifying the form and constructing the model for the series. What 
the Box-Jenkins method does is to provide a systematic and unified 
approach for accoe^pllshing the dbowe task. 
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The statlonarltv Condition 
The stationarity conditicxi is very crucial to the successful use of 
the Box-Jenkins methodology and cai be defined as follows. A time 
series is said to be stationary if its values over time fluctuate arowd 
a constant mean. In addition, the data must also satisfy the homosce-
dasticity (st^le variance) condition, and the values of the partial 
autocorrelation coefficient (0%) must be fairly constant at different 
time periods. 
The equality of means condition implies that the mean of the series 
for say 1965 is statistically equal to the mean during 1980. This is 
not possible if there is a trend in the data. Hence, to satisfy the 
constant mean condition, the "raw" series must be transformed to remove 
the trend. One of the best ways of doing that is by differencing the 
time series, whidi consists of subtracting the values of observations 
from one another in some prescribed time-dependent order. For example, 
a first order difference transformation is defined as the series con­
sisting of the differences between say the data from one year and those 
of the previous year. Second order differences are the differ^ces of 
the differenced series. Hence, if t represents time in months md 'X' 
the average mcmthly concentrât loi of say ammonia then a good first order 
differencing series would be: 
yt = vXt = %t " ^-12 (18) 
where t > 12. 
A second order differenced series would be: 
Zf. = = (X^ - Xt_i2> - (Xt-12 • *t-24) 
~ *t ~ 2*t-12 Kt-24 (19) 
where t > 24 and V is the differencing operator. 
The purpose of lagging the differencing by 12 months is to ensure 
that the subtraction involves data from the same calendar month in 
different years. That way, any seasonal variation that may be embedded 
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in the raw data can be removed. For some time series data, especially 
those with a log-normal frequency distribution, the differencing may 
have to be done OT the logarithms of the raw data in order to fulfill 
the stationarity condition. 
The requirement for homoscedasticity (st^le variance) is very 
crucial but easily uanderstandable. Equality of means of data from any 
two periods is lo¥>ortant, but not sufficient for a full appreciation of 
the data set. The vari^ility of the data around the mean is also 
isHPortant. If the mean is constant, while the variance increases (or 
decreases) over time, it would be erroneous to cwiclude that no trend 
exists. All that can be said is that the trend, if my, is lost in the 
uncertainties around the mean due to the increasing variarx%. Hence, to 
ensure a stable variance, a variance stabilizing transformation may be 
applied to the raw data. Such a transformation was found to be unneces­
sary for some of the parameters analyzed in this study. Again, the log­
arithmic transformation was found to be most appropriate for achieving 
the homoscedasticity condition in nearly all cases. It will be shown in 
a later section that contrary to the frequent assumption of normal 
probability distribution for water quality data, the data available for 
the Des Moines River had log-normal frequency distributiwis. This 
applies to all six parameters studied. 
Once the trend has been removed, it is important that the residuals 
be uTiCorrelated with each other» In other words, if the trend in the 
time series were removed by differencing the logarithms of the raw data 
after lagging by one year (K = 12), then the autocorrelation coefficient 
of the residuals must be nearly equal to zero. This last requirement 
guarantees that the residuals consist of nothing but noise. 
Mathematically, the three conditions can be stated as follows for a 
first order logarithmic differencing with one year lag in the data. 
y^ = In Xt - In Tit-12 (20) 
mew = II = E(y^) = constant (21) 
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variance = Oy = E(y^ - ii)^ = constant (22) 
and 
E(yt - w)(yt_i2 - w) . 
autocorrelation (y^, yt-12^ = (23) 
= 0.0 
In this case, it can be shown by reversing the process that X^. = 
for all practical purposes. Therefore, it can be concluded that there 
is no long term trend in the data even though seasonal variations might 
be strongly indicated. By a similar approach, the équivalait results 
for second and higher order models may be deduced, once the stationarity 
condition has been satisfied. 
Finally, it is doubtful that the annual means or variances can be 
exactly equal. In fact, the chances of that happening with real world 
data are zero. Therefore, the conditions specified by Equations (21) 
and (22) would be deemed to have been satisfied if the values of tite 
aruiual statistics lie within a specified confidence interval of the all-
time values. For the purpose of this researdi, a 95% confidence inter­
val would be used for both means and variances. 
Similarly, the autocorrelation coefficient of the residuals may 
never be exactly equal to zero. It is prob^le that the values may be 
close to but not equal to zero. Hence, an acceptable range must be 
defined for this statistic. Since both positive and negative values are 
expected, and the range can extend from -1 to +1, it is appropriate to 
define the acceptable range with zero as center. In the light of the 
above, the autocorrelation coefficient would be deemed small enough if 
it satisfies the following condition. 
-0.20 < pj2 ( 0.20 (24) 
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RESULTS OF THE TINE SERIES ANALYSIS 
General Considerations 
Three methods were used to analyze the eighteen years of water 
quality data avail^t>le for liiis research. These were, the Fourier 
Series Method, the awual moving average method, and the Box-Jenkins 
method. The objective was to delineate any long-term trends that may be 
present in the water quality data. Depending on whether the trend is 
upward, downward, or flat, it may be possible to draw cwclusions as to 
the improvement in (or lack of it) in water quality in the region over 
the last several years. With the trends known, it may be possible to 
evaluate in a general fashion the overall effectiveness of the non-point 
source pollution control practices in the region. In particular, the 
results would be used to reassess the current sampling frequency for 
ead) parameter. In other words, can the sampling frequency be modified 
for some or all of the parameters to make it more efficient? 
As will be shown shortly, the results indicate that some modifica­
tions in the water quality sampling program would be in order. For some 
parameters, such as ammonia, a less frequent sampling schedule may pro­
duce as Buch information as the current weekly routine. While very 
little would be lost by adopting sampling for ammonia on a less frequent 
basis, substantial financial savings may accrue. On the other hand, for 
other parameters such as suspended solids, the analysis would show that 
the current bi-weekly sampling sdiedule may be inadequate. Therefore, 
going back to the weekly sdiedule for that parameter could be advisable. 
Fourier's Series Method 
Since the time series data for all the water quality parameters 
were periodic or nearly so, it was thought that the methods of Fourier's 
series could be used to analyze the data. Despite the variations with 
each period, it was thought that this method would produce results that 
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model the "raw" data very closely if enough terms of the series were 
included in the final equation. Besides, it was expected that the 
results from one period would carry over to the next and that the model 
would be parsimonious (Bowerman and O'Connell, 1979). That is, that the 
Fourier's series model would adequately describe the time series while 
employing relatively few terms. 
But that did not happen. Instead, a fairly large number of terms 
were required for the method to represent the time series with any 
reasonable degree of accuracy. Besides, it was found that for some of 
the parameters, the length of the period was not constant. As can be 
seen from Figure 21, the period for nitrite plus nitrate nitrogen at 
station 10 can vary from nine months to fourteen months. The implica­
tion was that the terms of the model could not be carried over from one 
period to the next. Therefore, eadi period had to be modelled separate­
ly, a process that was very laborious. As a result, the models genera­
ted by the Fourier series method were poor representations of the actual 
water quality data. Therefore, the results will not be reported and the 
method will not be discussed beyond this point. Only the results 
obtained using the other two methods, annual moving average method and 
the Box-Jenkins methodology, are presented in subsequent sections. 
Normal versus Log-normal Distribution 
Contrary to the popular opinion that most water quality data are 
normally distributed, the 18 years of data available were by no means 
normally distributed. As can be seen from Figure 5, which rwresents 
the frequency polygons for ammonia concentrations at Stations 6 and 10, 
the assumption of normality would be grossly in error. The plots are so 
skewed to the left that a log-normal distribution is suggested. Mien 
the frequencies are plotted against the natural logarithms of the con­
centrations, the skewness disappears leaving behind a graph that is 
nearly normal, as shown in Figure 6. To prove the log-normality of the 
original data, it is necessary to show that the graphs of Figure 6 are 
• station 
Station 
0.0 0 .2  0.4 0.6 0.8 1.0  1 .2  1. 4  1.6 1.8 2.0 
AuMonia Concentration (mg/1) 
Figure 5. Plot of the monthly average concentration of ammonia (reg/1) 
vs. frequency of occurrence at Stations 6 and 10 
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nearly normal. This was accomplished by comparing the differences 
between the observed and expected frequencies in the data using the chi-
squared distribution (X^y)> The results indicate that X^x67 ' 16.420 
for Static» 6 while = 16.537 for Station 10. From Kleinbaum and 
Kupper (1978), it can be stK>wn that these values are less than the 
limiting values at the 95% level of confidence. Hence, it can be 
ccmcluded that the natural logarithms of the ammonia data are normally 
distributed. The Implicatiwi is that the "raw" data have a log-normal 
distribution as suggested above. 
A preliminary analysis of the data for all the other parameters 
studied confirmed the log-normal bdiavior for their concentrations as 
well. But, numerical proofs of the validity of the log-normal behavior 
of the concentrations of the other parameters will not be provided. As 
will be shown shortly, logarithmic transformation of the data may not be 
necessary to achieve the conditions for stationarity for some of the 
parameters. 
Ammonia Nitrogen 
In the previous section, it was shown that the weekly concentra­
tions of anmcHiia had a log-normal distribution. Therefore, a logarith­
mic transformation of the data may be necessary to stabilize the 
variances as required by the stationarity conditiwi of the Box-Jenkins 
methodology. However, a preliminary analysis of the ammonia data 
indicated that a variance stabilizing transformation was not needed for 
the ammonia data. Hence, none would be applied. The results presented 
are based on the "raw" monthly averages. 
Ammonia nitrogen concentrations have been measured wedcly since 
1967 at Stations 1 and 5, since 1971 at Stations 6 and 9, and since 1972 
at Station 10. Altogether, a total of 855, 859, 654, 650, and 599 data 
points were reported for Stations 1, 5, 6, 9, and 10, respectively. The 
monthly averages of these concentrations together with the twelve-month 
moving averages are shown in Figures 7 through 11 below, and in Tables 
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Figure 6. Plot of the natural logarithms of the monthly average cwicentrations of ammonia 
(rag/1) vs. frequency of occurrence at Stations 6 and 10 
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Figure 7. Monthly average concentrations and twelve-month moving averages (mg/1) of ammonia 
nitrogen (as N) at station 1 
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Figure 8. Monthly average concentrations and twelve-month moving averages (ng/1) of ammonia 
nitrogen (as N) at station 5 
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Figure 9. Monthly average concentrations and twelve-month moving averages (mg/i) of ammonia 
nitrogen (as N) at station 6 
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Figure 10. Monthly average concentrations and twelve-month moving averages (mg/1) of ammonia 
nitrogen (as N) at station 9 
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Figure 11. Monthly average (xxicentratlons and twelve-month moving averages (mg/1) of ammonia 
nitrogen (as H) at station 10 
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64 thFOu^ 73 in the Appendix. From these graphs, it can be seen that 
these time series of ammonia concentrations were somewhat periodic. 
That is, the highs and lows in the series occur at about the same time 
eadi year. For instance, at all five stations, the highest amonia 
cKXicentrations occur during or close to January, while the lowest 
concentrations occur in late spring or early summer. This was found to 
be true at all river stations, including Stations 5 and 9 which are 
close to, but downstream of the reservoirs. It was also true of the 
data from Station 6 which receives a significant fraction of its ammwiia 
loading from the Water Pollution Control Plait in the City of Des 
Moines. The only difference is that the average concentrations at 
Station 6 were relatively higher than those at the other stations. 
As Figures 7 through 11 clearly indicate, there are generally two 
periods in the yearly cycle of ammonia concentrations in these rivers. 
The first is from ^x)ut April through the end of November. During that 
period, the average ammonia concentrations were generally low and below 
0.5 mg/1. From Decendber throuWi March, the average concentrations rise 
sharply to significantly higgler values. The later period was character­
ized by monthly averages that were often more that two times the annual 
average. 
Several factors coadsined to produce that phenomenon. The first is 
that the period of highest ammonia concentrations includes the cold 
wintery months when the rivers are frozen over and the flow rates are 
low. Under these conditions, the ammonia released by aerobic/anaerobic 
decay of the bottom sediments would cause the concentration of the 
parameter to Increase siAstaitlally. Since it is generally very cold in 
winter, very little of the ammonia produced in the sediments during that 
period would be oxidized. On the other hand, from April throucfi Novem­
ber, the above conditions are reversed, and the average monthly concen­
trations of aaaonla decrease to a minimum. Similar patterns were 
evident in the data from all the other stations. Even at Station 5 
(below the SaylorvlUe Dae) and at Station 9 (below the Red Rock Reser­
voir) vrtiere the average concentrations were expected to be affected by 
79 
the reservoirs, the patterns were the same. As was shown by Okereke 
(1982) and Okereke et al. (1989t>, 1985d), the reservoirs had no real 
effect <xi either tiie concentration or loading rates of anacmia at down­
stream locations. The same was also true at Station 6, even thou^ 
previous studies have shown that up to 77.7% of the ammonia measured at 
that statio) came from the Waste Water Treatment Plant In Des Moines. 
One difference, though, for Station 6 was that the corresponding ccmcen-
t rat ions were higgler than those from the other four sampling stations. 
Annual Bovlng Averages 
The twelve-month moving averages for ammonia are also shown in 
Figures 7 through 11 for Stations 1, 5, 6, 9, and 10, respectively. 
These moving average grandis are basically flat and featureless, which 
indicates that no trend existed in the original data. In other words, 
there has been no sustained significant dtange in the ammonia concaitra-
tions at any of the sampling stations since the data collection program 
began. Contrary to popular beliefs, the results of this moving average 
analysis of the available data clearly show that, on an annual basis, 
the average concentration of ammonia nitrogen has remained fairly con­
stant at each of the five sampling stations of interest. Instead of an 
Increase in ammonia concentration, the trend has been downwards in the 
last few years. For ex^^le, since 1979, the trend in the ammonia 
concentration at Station 1, has been consistently downwards. As can be 
seen in Figure 7, the moving average concentration of ammonia at that 
station decreased from ^>out 0.50 mg/1 to less than 0.20 ag/l. A 
similar situation was also evident in the data for the other stations. 
Of course, there were increases in the moving average trends, but 
none was sustained for a long time. For instance, during the 1977 water 
year, the average concentrâti(xis of ammcmia increased considerably at 
all five saspling stations. Those increases were several times larger 
than what would be expected for the period. This was due to the extreme 
drought that occurred in Iowa that year. Indeed, 1977 was the driest 
aid lowest flow year since the sampling program began. Hence, the 
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increases that year were the result of low flows and the reduced 
diluting capacity of the streams and not from any major changes in the 
ammonia inputs. Once the rains returned, and the rivers regained normal 
flows, the ammonia concentrations returned to normal levels as can be 
sem fr<» the data in Tables 64 throucg* 73. 
The Box-Jenkins Method 
Since the moving averages of the last section were essentially flat 
with a fairly stable trend, it was reasonable to assume that a first 
order differencing transformation of the ammonia concentration data 
would be enough to produce a stationary series as required by the Box-
Jenkins method. That is a series that has a fairly constant periodic 
mean and standard deviation whidti is not autocorrelated trtten lagged by 
twelve months. 
This was nearly the case with the ammonia data from all five 
stations, as can be seen in T^les 17, 18, md 19. Tdnle 17 shows the 
annual and population means and standard deviations for tite ammonia 
concentrations while Table 18 contains a listing of the same statistics 
for the differenced data. Tables 18 md 19 show the confidence limits 
within which the means and standard deviations should fall together with 
the calculated autocorrelation coefficient. 
From Table 17, it can be seen that for the most part, the annual 
means of the data were within a fairly close rœgs. Except for the 197? 
water year, the annual means at Station 1 varied from just 0.15 mg/1 to 
a hl^ of 0.56 mg/1. The mean for 1977 was 1.91 mg/1. As for Stations 
5, 6, 9, and 10, the ranges, excluding 1977, were from 0.15 mg/1 through 
0.47 mg/1 at Station 5, 0.25 mg/1 throu^ 1.14 mg/1 at Station 6, 
0.21 mg/1 through 0.55 mg/1 at Station 9, and 0.13 mg/1 through 0.44 mg/1 
at Station 10. The means for 1977, which was not a typical year, were 
0.93 mg/1, 4.78 ag/1, 0.78 mg/1, and 0.61 mg/1 at Stations 5, 6, 9, and 
10, respectively. The Implication is that the concentrations of ammonia 
in the rivers have been low throughout the period of record. In fact 
the all time averages for Stations 1, 5, 6, 9, and 10 were 0.37 mg/1. 
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Table 17. Annual means and standard devlatlms for ammonia 
concentrations. In mg/1, at Stations 1, 5, 6, 9, and 10 
Period Station 1 Statlm 5 Station 6 Station 9 Station 10 
X s X s X S X S X S 
1967/68 0.56 0.42 0.35 0.10 
1968/69 0.40 0.20 0.33 0.19 —— — — — 
1969/70 0.44 0.34 0.42 0.29 
1970/71 0.51 0.31 0.38 0.23 — — — 
1971/72 0.46 0.48 0.45 0.41 0.93 0.65 0.55 0.48 — 
1972/73 0.22 0.14 0.20 0.12 0.25 0.16 0.21 0.14 0.22 0.18 
1973/74 0.21 0.14 0.20 0.11 0.26 0.11 0.24 0.13 0.22 0.09 
1974/75 0.49 0.51 0.37 0.34 0.78 0.53 0.43 0.38 0.44 0.38 
1975/76 0.24 0.23 0.16 0.11 0.65 0.48 0.29 0.20 0.24 0.21 
1976/77 1.91 3.14 0.93 1.47 4.78 5.11 0.78 0.97 0.61 0.78 
1977/78 0.36 0.39 0.27 0.16 0.96 0.81 0.43 0.43 0.32 0.34 
1978/79 0.46 0.56 0.47 0.32 0.88 0.83 0.48 0.45 0.29 0.34 
1979/80 0.20 0.27 0.20 0.15 0.33 0.20 0.24 0.17 0.19 0.23 
1980/81 0.23 0.27 0.37 0.19 1.14 0.65 0.47 0.49 0.19 0.19 
1981/82 0.36 0.35 0.29 0.25 0.78 0.64 0.28 0.22 0.29 0.22 
1982/83 0.15 0.14 0.18 0.15 0.25 0.17 0.22 0.14 0.17 0.16 
1983/84 0.18 0.10 0.20 0.08 0.36 0.20 0.28 0.15 0.18 0.10 
1984/85 0.15 0.21 0.15 0.11 0.47 0.29 0.27 0.22 0.13 0.16 
Population 
values 0.37 0.69 0.33 0.43 0.92 1.79 0.37 0.41 0.27 0.33 
Table 18. Ninety-five percent (95%) confidence Intervals for the 
differenced ^ mcmla concentration (mg/1) data 
Station w (mg/1) a (mg/1) Autocorr(X^, 
1 -0.41 ( W ( 0.37 0.14 ( a ( 0.34 0.142 
5 -0.25 < M < 0.23 0.09 < a < 0.21 
6 -1.05 < M < 0.97 0.37 < a < 0.88 
9 -0.25 ( w < 0.21 0.08 < o ( 0.20 
10 -0.20 i V i 0.18 0.07 ( o ( 0.16 
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Table 19. First order differencing (X^ - statistics for ammonia 
ccmcentrations (mg/1) from all sampling stations 
Period Staticm 1 Station 5 Station 6 Station 9 Station 10 
X s % s X s X s X s 
1967/69 -0.16 0.42 -0.02 0.15 
1968/70 0.04 0.29 0.09 0.25 — — — — — — 
1969/71 0.07 0.22 -0.04 0.26 — — — — — — 
1970/72 —0.06 0.40 0.07 0.33 — — — — — — 
1971/73 -0.24 0.35 -0.25 0.30 —0.68 0.47 -0.34 0.35 — — 
1972/74 -0.01 0.14 0.00 0.12 0.01 0.14 0.03 0.14 0.00 0.14 
1973/75 0.28 0.27 0.17 0.25 0.52 0.38 0.19 0.28 0.22 0.28 
1974/76 -0.25 0.40 -0.21 0.25 -0.13 0.51 -0.14 0.30 -0.20 0.31 
1975/77 1.67 2.23 0.77 1.04 4.13 3.63 0.49 0.70 0.37 0.57 
1976/78 -1.55 2.24 —0.66 1.05 -3.82 3.66 -0.35 0.75 -0.29 0.60 
1977/79 0.10 0.48 0.20 0.25 -0.08 0.82 0.05 0.44 -0.03 0.34 
1978/80 —0.26 0.44 -0.27 0.25 -0.55 0.60 -0.24 0.34 -0.10 0.29 
1979/81 0.03 0.27 0.17 0.17 0.81 0.48 0.23 0.37 0.00 0.21 
1980/82 0.13 0.31 —0.08 0.22 -0.36 0.65 -0.19 0.38 0.10 0.21 
1981/83 -0.21 0.27 -0.11 0.21 -0.53 0.47 —0.06 0.18 -0.12 0.19 
1982/84 0.03 0.12 0.02 0.12 0.11 0.19 0.06 0.15 0.01 0.13 
1983/85 -0.03 0.16 -0.05 0.10 0.11 0.25 0.01 0.19 0.05 0.13 
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0.33 ag/1, 0.92 ag/1, 0.37 atg/l, and 0.27 mg/1, respectively. 
It must be observed that all the means (except 1977) were within 
the 95% «mfidence intervals of the populaticm values and that the 
autocorrelation coefficients were small as required by the Box-Jenkins 
method. The same were also true of the differmced values. As can be 
seen from Table 18, the populatiœ averages of the differenced data were 
so small that they are statistically not different from zero. These 
confirm the fact that the ammonia data had remained quantitatively 
stable at all sa%:llng stations for the entire period of record. In 
other words, the data collected at say. Station 5, at the beginning of 
the sampling program in 1967 were not different from those from more 
recent years. 
The fact that the trends in the ammonia data were nearly feature­
less througgiout the period of record is important. But even more com­
pelling is the fact that the actual concentrations were very low. An 
analysis of the frequency of occurrence showed that more than 90% of the 
avail^le data were less than 0.50 mg/1 at all stations, except at 
Station 6. Station 6, it may be recalled, receives considerable input* 
of ammonia from a point source. The only significant increase in the 
concentrations of this parameter occurred during the unusually severe 
drought of 1977. 
The results of this section raise a number of crucial questions 
that are at the heart of this dissertation. Is It necessary to continue 
to saaple for ammonia nitrogen concentrations on a weekly basis despite 
the ovenAelming evidence that low and virtually stable concentrations 
should be expected? In other words, is it not possible to modify the 
current sampling frequency for amacmia without adverse consequences to 
the water quality management objectives of the State of Iowa end the 
Amy Corps of Engineers? The evidence suggests that the aiswer to tAe 
first question is negative. 
After eighteen years of weekly monitoring of ammonia concentra­
tions, the evidence points to a stability that should not be ignored. 
It would not hurt to reduce the sampling frequency for ammonia to a bi-
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we^y or even a once-a-month sdiedule at all stations except Station 6. 
It is dotttful that reducing the sampling frequency would adversely 
affect the water quality managemait objectives of the corps of Engin­
eers. In a sense, the point Is that the field study program should t^ 
advantage of lack of adverse variability in ammonia concentrations in 
future sampling schedule plaraiing. 
By adopting this recommendation, significant amounts of money could 
be saved. A bi-weekly sampling schedule for ammonia would result in a 
saving of $525.00 a year from analytical œsts alone. This money could 
be used to increase the frequency of sampling for, say, suspoided 
solids. In a later section, it will be shown ttet the suspended solids 
parameter presents a more crucial water quality problem in the Des 
Moines River basin than ammcmia. 
The COTclusions of this study are expected to be the subject of 
criticism on several growds. The first Is that the "Instantaneous" 
concentrations of ammonia are critical in regards to its toxicity to 
fish and other aquatic animals. Therefore, the absence of a sustained 
increase in ammcmia levels does not necessarily preclude the possibility 
of fish kills due to ammonia toxicity. This is true. But, the litera­
ture is replete with reports showing that ammonia toxicity to fish 
depends on the im-ionized fraction of that parameter and not on the 
total ammonia concentratlcm. The avall^le data indicate that the un­
ionized ammonia concentrations have been very low throu^xxA the period 
of record. Indeed, the concentration rarely exceeded the EPA standard 
of 0.02 mg/1. 
Another source of doubt might be that the averaging process 
smoothed out extreme values, especially with respect to the critical 
winter months. This is a fair, but invalid complaint. An analysis of 
the 3,617 pieces of ammonia data available from the five stations 
(Table 20), showed that the State's split-standard for ammonia in 
"Class B" water were rarely violated. Indeed, there were only 37 
violations in eighteen years. Besides, two stations (Statims 9 and 10) 
reported no violations at all, while there were only two violations at 
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Tdble 20. Comparison of the sasqpllng frequency with the raaber of 
reported violations of the State's split-standard® for 
ammonia in "Class B" waters 
Contract station I Station 5 Station 6 Station 9 Station 10 
Period 
gb yb g V S V s V s V 
1967/68 50 0 51 0 — — — — — ~ 
1968/69 54 0 54 0 - - - - -
1969/70 52 1 52 1 - - - - - -
1970/71 52 0 49 0 - - - - - -
1971/72 52 0 51 0 52 0 49 0 - -
1972/73 52 0 52 0 51 0 52 0 50 0 
1973/74 51 0 51 0 51 0 51 0 51 0 
1974/75 53 0 53 0 53 0 53 0 53 0 
1975/76 50 0 50 0 50 1 50 0 50 0 
1976/77 51 8 52 1 52 22 52 0 51 0 
1977/78 66 0 66 0 66 3 66 0 66 0 
1978/79 57 0 57 0 58 0 58 0 57 0 
1979/80 51 0 51 0 51 0 51 0 51 0 
1980/81 50 0 51 0 50 0 49 0 50 0 
1981/83 31 0 31 0 31 0 31 0 31 0 
1983/84 45 0 50 0 50 0 49 0 50 0 
1984/85 38 0 38 0 39 0 39 0 39 0 
Totals 855 9 859 2 654 26 650 0 599 0 
G 2.0 ng/1 from April through Octdber and 5.0 ag/l from Noveodber 
through Mardi. 
b s = nmdbers of samples, V = numbers of violâtiœs. 
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Station 5. Nine of the violations occurred at Station 1 *Aile 26 were 
rw)rted for Station 6, the only station that receives significant 
assKxiia loads from a point source. Evan more compelling is the fact 
that 31 of the 37 violations of the State's standards occurred during 
the 1977 water year, the lowest flow year throughout the period of 
record. 
The point here is that higA concentrations of ammonia are very rare 
events in the Des Moines aid Raccoon Rivers and occur under very low 
river flows. As can be seen froa Tdble 20, the drouggits of 1981 and 
1983 did not lead to any reported violations of the split-standard. 
Therefore, it is reasonable to conclude that little would be lost by 
sampling for ammonia on a bi-weddy basis. 
Finally, the new guidelines should include a clause to trigger a 
more intensive sampling s(Aedule vrtien the river flows drop below a 
certain level. Of course, a different guideline may be developed for 
the critical winter months. After all, Iowa's split-standard for 
ammonia is an implicit recog^itim of the need to treat the two periods 
differ«itly. 
Orthopbosphate (as PO^) 
Like ammonia, the annual trmds in the concentrations of ortho-
^AospAste can be split into two periods: DeceiAer through March, and 
April through Novemdier. Average concentrations of this parameter are 
highest between Deceodier aid March, but drop off sigiificaitly for the 
rest of the year. This was true for the entire eighteen years of data 
collection, as can be seen in Figures 12 through 16. Even at Stations 5 
aid 9, which are located just downstream of the SaylorviUe and Red Bock 
Reservoirs, respectively, the variation in the concentrations of ortho-
phosi^iate followed the same pattern described ^»ve. In other words, 
the presence of these reservoirs had no effects on the ccmcmtrations of 
this paraaeter at downstream locations. That is unfortwiate, especially 
since the reservoirs were expected to help reduce the concentrations and 
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Figure 12. Monthly average concentrations and twelve-month moving averages (tag/1) of 
orthophosphate (as PO^) at station 1 
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Figure 13. Monthly average concentrations and twelve-month moving averages (ng/l) of 
orthophosphate (as POi,) at station 5 
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Flîiure 14. Monthly average concentrations and twelve-month moving averages (ng/l) of 
orthophosphate (as POi,) at station 6 
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Figure 15. Monthly average concentrations and twelve-month moving averages (mg/1) of 
orthophosphate (as PO#,) at station 9 
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Figure 16. Monthly average concentrations and twelve-month moving averages (mg/1) of 
orthophosphate (as PO,,) at station 10 
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loading rates of pollutants at downstreaa locations. However, the above 
results were not unexpected for orthc#osphate. Previous studies by 
(Ncereke et al. (1985b, 1985c, 1985d), arrived at the same conclusions 
for orthc^phosE^iate and a number of other parameters. 
Moving Average Model 
As before, the moving average model was used to analyze the 
orthophosphate concentrations to filter out any long term trends. The 
results are shown in Figures 12 through 16 below for Stations 1, 5, 6, 
9, and 10, respectively and in Tables 75, 77, 79, 81, and 83, in the 
Appendix. From the graphs, it is obvious that the moving averages 
tended to be flat, or nearly so. There were no long term changes in the 
features of the moving average models. Of course, there were periodic 
increases or decreases in the trends, but, overall, the deviations of 
the models from the all-time averages for eadi station were small. 
For example, the all-time average concentration of orthophosphate 
at Station 5 was 0.37 mg/1 vrtiile the moving averages varied from about 
0.25 mg/1 to about 0.50 mg/1. The situation at the other stations was 
similar. Indeed, the all-time averages at Stations 1, 9, and 10 were 
0.47 mg/1, 0.53 mg/1, and 0.39 mg/1, respectively, and the time series 
for each statim varied little from these all-time averages. Besides, 
except for the significant but normal increases that occur during the 
winter, the monthly averages were mostly below the all-time values. 
Therefore, it can be concluded from the moving average models that 
the concentrations of orthophosphate have not increased or decreased 
cwpprecidbly since the sampling program began. In other words, there are 
no long term trends in the data, despite the commwi belief to the con­
trary. This was true of the data from all stations, including Station 6 
which receives treated waste water from the Water Pollution Control 
Plant in Des Moines. However, the average concentration of this parame­
ter at that station was significantly higher thai those from any of the 
other stations. 
Of course, there were sudden and very significant increases in 
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orthophosphate concentrations during the 1977 water year, whidi was the 
driest year in the period of record. These increases were observed at 
all five sampling stations studied, but the problem was most severe at 
Stations 1, 6, and 10. The increase in concentration at the other two 
stations (Stations 5 and 9) was someWiat lower, even thou* saylorviUe 
Reservoir had not be«i impounded at that time. In a sense, 1977 was an 
anomaly in the sampling program. The Increased concentrations that 
occurred that year were due to low flows in lAe rivers, and so were not 
sustained beyond the drou^t period. Indeed, normal concentrations 
returned to the rivers once the flows in the rivers returned to normal. 
Finally, it can be shown, from the results of this section, that 
reducing the current once-a-week sampling frequency for this parameter 
to say, a bi-weekly or even a once-a-month sdiedule will not be detri­
mental in the interpretatiw of water quality data. Given the usually 
low concentrations of this parameter and the limited variability of the 
same, it is dodbtful that a lot would be lost by reducing the frequency 
of orthophosphate sampling. In fact, a lot would be gained if the 
results of this analysis were used to reassess the sampling program to 
determine vrtiich parameters present the most critical water quality 
problems at this time, so that they may be sampled more aggressively, 
while the less critical parameters are mcxiitored less frequently. The 
position of this dissertation is that the orthophosphate parameter does 
not belong to that critical list, despite its easy availability to 
aquatic plants. 
The Box-Jenkins Model 
Although the orthophosphate parameter has a log-normal frequency 
distribution, a preliminary analysis of the data showed that a logarith­
mic transformation was not necessary to achieve homoscedasticity or to 
obtain a stationary time series. Indeed, the "raw" data, with few 
exceptions, does satisfy the stationarity conditions of the Box-Jenkins 
model; that is, "constant" periodic means, "stable" variances, and zero 
autocorrelations when the data are lagged by one year. Hence, the data 
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were not transformed before the application of the model. 
In other words, this means that the data did not vary a lot from 
one year to another. Realistically, that implies that there are no 
significant differences between the means and the variances of the data 
from different years at a specified level of significance. Or even more 
succinctly, the data from different years must come from the same 
pc^Hjlation. Except for the 1976/77 period, the periodic and population 
statistics listed in Table 21 clearly show that this was indeed the case 
for orthophosphate at Stations 1, 5, 6, 9, and 10. 
Therefore, it can be concluded that except during the 1977 water 
year, significant changes have not occurred in the concentrations of 
orthopbosphate at any of the five sampling stations since the data 
collectif progra: began. This implies that, for all practical pur­
poses, the trends in the concentrât i(m of that parameter have been hori­
zontal. Of course, there were some variations around the traxl, but it 
can be said that the water quality problems of the basin, as far as it 
relates to the orthophosphate parameter, have not gotten worse. But, it 
has not improved either. 
An importait implication of the above conclusions is that it is 
entirely possible to continue to obtain good estimates of the average 
concentration of this parameter with fewer samples thm are currently 
collected and analyzed. In other words, reducing the sampling frequency 
for this parameter from the current weekly schedule to say once or twice 
a month may not be a bad idea. This is especially true of the period 
from April throws*! November, when orthqphosphate concentrations are very 
low and fairly stable. As for the rest of the year (from December to 
March) when the monthly concentrations increase somewhat, a more liberal 
san^ling frequency may be adopted. Since two fairly distinct periods 
can be Identified for the concentrations of this parameter, it is appro­
priate to design the sampling program to take advantage of that fact. 
Even during extreme drought conditions, like the one that occurred 
during the 1977 water year, the larger-than-normal orthophosphate con­
centrations that occurred were limited mostly to the winter months. As 
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Table 21. Annual and population means and standard deviations for 
orthQphosphate (as POi,) concentrâti<ms (mg/1) at Stations 
1, 5, 6, 9, and 10 
Period station 1 Station 5 Station 6 Station 9 Station 10 
X s X s % s X s X s 
1967/68 0.53 0.60 0.27 0.21 — — — — 
1968/69 0.50 0.43 0.52 0.44 —— — — — 
1969/70 0.34 0.27 0.30 0.26 " 
1970/71 0.47 0.40 0.42 0.44 — —— — 
1971/72 0.53 0.42 0.49 0.36 1.23 0.88 0.66 0.50 
1972/73 0.47 0.19 0.44 0.18 0.54 0.17 0.49 0.11 0.48 0.09 
1973/74 0.40 0.18 0.39 0.18 0.57 0.16 0.43 0.14 0.41 0.13 
1974/75 0.53 0.52 0.42 0.36 1.08 0.65 0.51 0.29 0.36 0.18 
1975/76 0.53 0.35 0.27 0.20 1.26 0.94 0.55 0.27 0.30 0.15 
1976/77 0.98 1.45 0.43 0.42 4.69 4.28 0.76 0.81 0.34 0.19 
1977/78 0.51 0.45 0.36 0.21 1.75 2.24 0.47 0.25 0.43 0.13 
1978/79 0.60 0.47 0.41 0.23 0.82 0.48 0.57 0.19 0.45 0.19 
1979/80 0.41 0.17 0.36 0.15 0.56 0.20 0.47 0.15 0.39 0.18 
1980/81 0.29 0.26 0.19 0.09 0.92 0.33 0.51 0.31 0.40 0.21 
1981/82 
10A") /aq 
—— — 
1983/84 0.40 0.20 0.40 0.13 0.66 0.23 0.46 0.17 0.43 0.16 
1984/85 0.29 0.23 0.28 0.08 0.77 0.36 0.47 0.18 0.32 0.18 
Population 
values 0.47 0.51 0.37 0.27 1.23 1.78 0.53 0.34 0.39 0.17 
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can be seen from Figures 12 through 16, normal or near normal concentra­
tions were reported for the rest of the year. Therefore, a split 
sampling frequency for ortAoi^sphate would not be affected by drou^t 
conditions, if current trends persist. Indeed, orthcvhosphate is one of 
the parameters nbose concentrations were not strongly dependent on river 
flow rates. 
Finally, it was importait that the concentrations of this parameter 
were relatively stable for most of the period of record. But even more 
significant is the fact that the actual concentrations were low. For 
example, more than 90% of the orthophosphate concentration data from 
Stations 5 and 10 were less than 0.50 mg/1. The numbers for the other 
stations were slightly higher: dbout 0.60 mg/1 for Stations 1 and 9 and 
more than 1.00 mg/1 for Station 6. Since phosphate converts easily from 
the soluble forms to the particulate forms in aquatic environments, it 
is not likely that lower cwcentrations of the orthophosphate form can 
be expected. This is especially true since the total phosphate concen­
trations were so high. Therefore, the orthophosphate parameter may be 
indirectly controlled by controlling the total phosphate concentrations 
since the two are so intimately related. However, on Investigation, it 
was found that the concentrations of the two forms of phosphorus could 
not be statistically correlated to each other. 
Nitrite Plus Nitrate Nitrogen 
Like ammonia, nitrite plus nitrate nitrogen is a very soliAle con­
stituent and so appears in solution only in river water. But, unlike 
ammcmia, nitrite plus nitrate nitrogen does not adsorb onto soil par­
ticles. Therefore, it can lead* out of soils into the groundwater and 
into rivers with little difficulty (Kanwar, 1981) • Since nitrites and 
nitrates are the oxidation products of ammonia, it was no accident that 
the concentrations of these chemicals in both the Des Holnes and Raccoon 
Rivers would be expected to increase with Increased use of nitrogenous 
fertilizers (especially anhydrous ammonia), to grow crqps commercially 
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In the basin. Although aoHKmia does not leach easily from the soil, the 
problem of nitrites plus nitrates in the rivers is exacerbated by two 
factors. The first is the prevailing practice of applying almost ail 
the fertilizer at <me time. This increases lAe concentration of ammonia 
in soil, and the fraction of the nitrites and nitrates that are carried 
into the rivers and lakes. The second is that the fertilizer applica­
tions occur in spring aid fall when the soil has little cover, the rains 
are the heaviest, and the opportunity for runoff is the greatest. 
In general, the average concentrations of nitrite plus nitrate ni­
trogen tend to be high in the spring and fall, but low in July and 
August. These correspond to the hig^ and low flow periods in the rivers, 
respectively. As will be shown shortly, the average concentration of 
this parameter in the Des Hoines and Raccoon Rivers were strongly depen­
dent on the flow rates. Indeed, the concentrations t«ided to increase 
with increased flows, as can be seen from Figures 17 through 21. 
Annual Moving Averages 
Figures 17 through 21 show the monthly averages and the annual 
moving averages of nitrite plus nitrate nitrogen concentrations at 
stations 1, 5, 6, 9, and 10, respectively. The data are shown in Tables 
84 through 93 in the %]pendix. From these graphs it can be seen that 
the average monthly concentrations have been extremely variole over the 
years. These averages varied from as low as 0.0 mg/1 at Stations 1 and 
5 to as hlgAi as 15.90 ag/1 at Station 10. For example, during the 1975 
water year, the average nitrite plus nitrate nitrogen concentration 
varied from 0.01 mg/1 In OctcAer, to 12.06 mg/1 In Jme and back to 
0.01 mg/1 the following October. As for the annual moving averages, the 
trends were up from the beginning of the sam@)ling program. 
For Instance, at station 1, the moving average increased steadily 
(Figure 17} from less thai 1.00 mg/1 in 1968 to a peak of about 
4.75 mg/1 later that year. The trend remained fairly steady from mid-
1969 to the end of 1971. From the begiming of 1972, the moving average 
trend started to increase again imtil it readied 8.93 mg/1 in January 
Year 
Figure 17. Monthly average concentrations and twelve-month moving averages (rog/1) of nitrite 
plus nitrate nitrogen (as N), and twelve-month moving averages of river discharge 
(mr/sec), at station 1 
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Figure 18. Monthly average concentrations and twelve-month moving averages (ntg/l) of nitrite 
plus nitrate nitrogen (as N), and twelve-month moving averages of river discharge 
(mf/sec), at station 5 
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Figure 19. Monthly average concentrations and twelve-month moving averages (mg/1) of nitrite 
plus nitrate nitrogen (as N), and twelve-month moving averages of river discharge 
(m*/sec), at station 6 
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Figure 20. Monthly average concentrations and twelve-month moving averages (mg/1) of nitrite 
plus nitrate nitrogen (as N), and twelve-month moving averages of river discharge 
(mVsec), at station 9 
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Figure 21. Monthly average concentrations and twelve-month moving averages (mg/1) of nitrite 
plus nitrate nitrogen (as N), and twelve-month moving averages of river discharge 
(m^/sec), at station 10 
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1973. From then on, the trend decreased, continuously, to 0.45 ag/l in 
early 1977, before rising again to about 8.31 mg/1 in late 1979. The 
trend dips again to less than 5.0 mg/ml in 1980, before another rise to 
the all-time high of nearly 10.60 mg/1 in the later part of 1982. Since 
then the trend has been downward. In fact, by early 1985 the moving 
average for nitrite plus nitrate nitrogen at Station 1 had decreased to 
nearly 5.0 mg/1. 
Similar cyclical patterns were found in the concentrations of this 
parameter at the other saspling stations. I*^t is, the higA and low 
concentrations of nitrite plus nitrate nitrogen in the moving average 
trends occur at about the same time at all the sampling stations. For 
example, the period from 1972 throu^ 1974 was mariced by higgi parameter 
concentrations at all five sampling stations. This was followed by a 
period (1975 through 1978} tAen the concentrations were low. Again, 
this was true of the data from all five stations. Indeed, the trends 
reached their periodic lows at about the same time in 1977. Of course, 
the actual concentrations varied from erne station to another, but the 
trends were definitely similar for Stations 1, 5, 6, 9, aid 10. 
The reason for this is the fact that the concentrations of nitrite 
plus nitrate nitrogen in the rivers is strongly dependent on runoff and 
the flow in the rivers. As can be seen from Figures 17 throu^ 21, the 
moving averages of the concentrations of this parameter seemed to depend 
s(»evrtiat on the moving averages of the river flow, in other words, as 
the flow rate increased, the concentration of nitrite plus nitrate 
nitrogeri increased too. The opposite tended to occur when the flow 
rates decreased. This is understandable since most of the nitrites and 
nitrates found in these rivers originated in the farms around the 
drainage basin. Since these can only get into the rivers throu^ 
surface runoff and subsurface leaching, it is reasonable to expect that 
the concentration of this parameter would be dependent on surface runoff 
and hence, river flow rates. 
The dependence of nitrite plus nitrate nitrogen concentrations on 
flow rates was so strong that the concentrations of this parameter were 
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not affected by the reservoir Impowdment at SaylorviUe. As can be 
seen from Figure 18, the closure of the dam at Saylorville does not seem 
to have altered the trend of the concentration of this parameter appre­
ciably at Station 5. The same was also true of station 6, iAich in­
cludes the discharges from the water Pollution Control Plait in Des 
Moines. As Figure 19 clearly shows, river flows were significant deter­
minants of the eventual concentration of nitrite plus nitrate nitrogen 
in the Des Moines and Raccoon Rivers. However, attempt to correlate the 
two by Naylor (1975) anà in this study were not very successful. 
Therefore, even though the concentrations of this parameter have 
been (Aanging over the years, the moving averages indicate that there 
has been no sustained increase or decrease in the concentrations of 
nitrite plus nitrate nitrogen in the two rivers. Any changes in concen­
tration that may have occurred were related to river flow rates. In 
other words, the increased concentrations of nitrite plus nitrate nitro­
gen that have been observed in the last few years are due primarily to 
the increased runoffs. Therefore, it would be expected that the concen­
trations would decrease with the flow rates. Hence, it is inappropriate 
to say that the concentrations of nitrites and nitrates have increased 
(or decreased) in the rivers since the sampling program began ei^teen 
years ago. 
The ^bove position can be reinforced by Figures 22 and 23, below. 
Figure 22 is taken from (Mcereke et al. (1985c), and shows that a linear 
relationship exists betweai the amual loading rates of nitrite plus 
nitrate nitrogen (Kg/ha/yr) and araiual runoff (cm/yr). The linear 
relationship was true for all sampling stations studied and was also 
valid for both the preimpowdtaent and postimpoundment periods at 
Station 5. Besides, the correlation was so good that the linear model 
explained nearly 92% of the variations in the data. In other words, the 
annual loading rates of that parameter were very mudi dependent on the 
runoff. If the runoff increased, the loading rate increased also and 
vice versa. This goes to swport the point that the observed increases 
in nitrite plus nitrate concentrations were due mainly to increased 
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Figure 23. Plot of the annual average concentrations of nitrite plus nitrate (rog/l) at Station 
1 and annual fertilizer use in the State of Iowa (tons/yr) 
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flows. If there had been an Increasing trend in the concentrations of 
that parameter, then the gra@* of Figure 22 uould not be linear. 
Figure 23 shows time series plots of the anmial fertilizer use in 
the state of Iowa end the ratio of the average «muai cwcentration of 
nitrite plus nitrate (ng/l) and annual runoff (ca/yr). From these 
grapAs it can be sear) that the rate of nitrogenous fertilizer use has 
more than doubled since the start of the sampling program. Yet, there 
has not been a corresponding Increase in concentrations at any of the 
sampling stations. Besides, the average concentration per unit runoff 
has not increased ccxisistently either. It is clear from Figure 23 that 
the data showed considerable scatter, and that no consistent trend was 
evident. However, the average concentration per unit runoff was hi^st 
during droughts (1976-1978, 1980-1981) %Aen runoffs were low, aid were 
low when the runoff rates were higgi. Again, this goes to support the 
position that the concentrations of nitrite plus nitrate have not 
increased over the years. The increased concentrations observed in 
recent years were the result of increased runoff only. 
The Box-Jenkins Model 
The Box-Jenkins method was used to analyze the nitrite plus nitrate 
nitrogen concentrations at all five sampling stations for long term 
trends. As was shown in a previous section, for this method to woA it 
is necessary that the residual time series be stationary, as defined 
previously. To achieve stationarity in this case, both first and second 
order differencing were used, but the results were not very encouraging. 
Neither the first order nor the second order differenced series satis­
fied the conditions for stationarity, when the lag was twelve months. 
That is the, annual means and variances must be constant and lie within 
a chosen confidence interval of the population values. In addition, the 
autocorrelation must be equal to zero or nearly so. TAen together, the 
conditions for stationarity were intended to guarantee that the annual 
samples were drawn from the same population. 
It is unfortunate that neither the first order nor the second order 
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differencing of the "raw" data produced a stationary time series. But, 
it was previously shown that the data had a log-normal distribution; 
therefore, a logarithmic transformation was applied to the data to 
stabilize the annual and population variances. Again, neither the first 
order nor the second order differencing of the log-traisformed data 
yielded a stationary series. Third order differencing was not tried 
because that seemed unrealistic. 
The implication is that the Box-Jenkins method "fails" in this 
case, and so, cannot be used to analyze for long term trends in the 
nitrite plus nitrate nitrogen concentrations in the basin. Evm though 
the concentrations of the parameter have varied over the years, the 
variations were someWiat cyclic, with no consistent tendency to increase 
or decrease. As Figures 17 throu^ 21 amply show, the changes in the 
concentrations of nitrite plus nitrate nitrogen were dependent on river 
flows, a stochastic process. This is why the Box-Jenkins method failed 
to model the time series of the concentrations of this parameter in the 
Des Moines and Raccoon River basins. Besides, the cycles do not have a 
constant period, as the data clearly show. For example, the data from 
Station 6 included two complete cycles, with periods of nearly six and 
four years, respectively. That make it very cumbersome to use the 
cyclic form of the Box-Jenkins model. 
Also, the annual means and standard deviations listed in Table 22 
were conpared statistically, using the Tukey's Method of Multiple 
Comparisons as described by Kleinbam and Kupper (1978). The results 
showed that there are significant differences between these aramal 
statistics for each station. In other words, the differences between 
the means and variances were so significant that the data could not have 
come from the same population. 
Finally, it is recommended that the currant weekly sampling 
frequency be maintained for the nitrite plus nitrate parameter. The 
fact that the concentrations were very d^iendent on flows makes Uiat 
very necessary. Since the series of concentrations could not be 
"modelled" it is reasonable to conclude that frequent sampling may be 
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Table 22. Annual means and standard deviations for nitrite plus nitrate 
(as N) concentrations (ng/1) at Stations 1, 5, 6, 9, and 10 
Period Station 1 Station 5 Station 6 Staticm 9 station 10 
X s X s X s % s X s 
1967/68 0.68 0.85 0.55 0.74 — — — — — 
1968/69 5.17 2.46 5.40 2.71 — — — — — 
1969/70 4.26 2.01 4.04 2.08 — 
1970/71 3.55 2.35 3.64 2.28 — — — — — 
1971/72 4.00 3.54 3.75 3.44 4.25 3.82 3.04 2.27 — — 
1972/73 8.93 2.27 8.37 2.83 8.39 2.78 6.83 2.37 9.22 2.11 
1973/74 7.38 3.26 7.71 3.13 7.30 1.85 5.79 1.24 7.67 1.52 
1974/75 3.98 3.70 3.87 3.72 4.10 3.39 3.81 2.66 4.18 3.45 
1975/76 3.47 3.52 3.23 3.18 3.95 3.14 3.60 2.46 4.47 3.48 
1976/77 0.55 0.48 0.52 0.51 1.37 0.49 1.42 1.26 1.14 0.67 
1977/78 6.05 3.67 4.35 3.02 6.26 2.54 4.46 2.18 7.42 3.87 
1978/79 7.17 2.39 7.37 2.01 7.97 1.93 6.73 1.54 9.71 3.24 
1979/80 8.07 2.46 8.22 2.44 8.28 2.54 7.92 2.24 9.23 3.26 
1980/81 4.89 2.53 4.46 1.85 4.03 1.82 3.42 1.24 2.91 1.62 
1981/82 8.22 2.61 8.33 2.13 8.02 2.90 6.32 2.37 8.07 4.09 
1982/83 10.10 4.06 10.62 2.59 9.74 2.52 8.26 2.39 10.80 3.83 
1983/84 7.29 2.82 7.43 2.74 7.69 2.72 6.96 2.27 9.14 2.73 
1984/85 5.05 2.51 5.39 2.01 5.53 1.91 5.34 1.87 6.67 2.81 
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required to ensure that adequate data are collected. Also, it can be 
seen from Figures 17 through 21 that the variations arowd the moving 
averages were so large that a less frequent sampling program for this 
parameter would be ill-advised. 
Suspended Solids 
Of all the parameters analyzed, the suspended solids parameter was 
the most variable. In the river water samples, the suspended solids 
concentratiws varied over a single year by as much as four orders of 
magnitude. Even though the concentrations of this parameter tend to 
increase with increased flows, the largest concentrations were associ­
ated with the most intense runoff events. These were the ones that 
generated the greatest erosion and hence the largest concentrations of 
suspended solids in the rivers. Such was the case during the 1976, 
1979, 1982, and 1983 water years when a few samples with extraordinarily 
high suspended solids concentrations were collected at Stations 1, 6, 
and 10 immediately following major storm a%d runoff events. When they 
occur, these extreme values tend to distort the annual ^ id monthly 
averages of the suspended solids parameter at the stations in question. 
Annual Moving Averages 
The monthly averages and the twelve-month moving averages of the 
concentrations of suspended solids are shown on Figures 24 through 28 
for Stations 1, 5, 6, 9, and 10, respectively, and in Tables 94 through 
103 in the Appendix. From these gr^gAs, it can be seen that most of the 
monthly average concentrations lie within a relatively close range. 
Hence, most of the moving averages were within a close range too. 
However, a few of the concentrations were so large that they signifi­
cantly, but temporarily distorted the moving averages. For example, 
during the 1984 water year a single concentration (1810 mg/1) measured 
at Station 1 caused a dramatic increase in the moving averages. The 
same is true of the data from most of the other stations. 
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Figure 24. Monthly average concentrations and twelve-month moving averages of suspended solids 
(ag/1) at station 1 
600 
500 -
Dam Closure 
& 300 -
200 
1 OO 
1979 1985 1981 1983 1977 1973 1975 1971 1967 1969 
Year 
Figure 25. Monthly average concentrations and twelve-month moving averages of suspended solids 
(mg/l) at station 5 
3.4 
3.2 -
3 -
2.8 -
2.6 -
2.4 -
2.2 -
2 -
1 . 8  -
1 . 6 -
1.4 -
1 . 2  -
1 -
0.8 -
0.6 -
0.4 -
0.2 -
O 
T 
1973 1975 1977 1979 1981 1983 1985 
U) 
Figure 26. Monthly average concentrations and twelve-month moving averages of suspended solids 
(mg/l) at station 6 
1 60 
1 4-0 -
1 30 -
2120 -
* 1 1 O -
H 1 OO -
a 
\ 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 r 
1961 1969 1971 1973 1975 1977 1979 1981 1983 
Year 
1985 
Figure 27. Monthly average concentrations and twelve-month moving averages of suspended solids (mg/l) at station 9 
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Therefore, it is inappropriate to conclude from the moving averages 
that the concentrations of suspended solids have been increasing in the 
Des Moines and Raccoon Rivers. Of course, the concentrâtimis have not 
been decreasing either. Instead, what happened was that the average 
concentration goes uqp or down d^nding on Hie incidence of extreme 
values in the data set. For instance, during the 1978 water year, a 
number of these extreme values were measured at Stations 1, 6, and 10. 
These were responsible for the large increases in the trends for that 
year. In fact, the increase was from 140 sg/l to nearly 340 Bsg/1 at 
Station 1 and fr<» 131 mg/1 to more than 570 mg/1 at Station 6. The 
corresponding data for Station 10 were 130 mg/1 and 780 mg/1, respec­
tively. Similar increases were not observed at Stations 5 ax) 9 because 
of the presence of the SaylorviUe and Red Rock Reservoirs. As Figures 
25 and 27 amply illustrate, these two reservoirs were very efficient in 
reducing outflow concentrations of suspended solids irrespective of how 
large the influent concentration mi^t be. 
For example, in relation to suspended solids concentrations, 
Stations 1 and 5 were shown to be equivalent to each other before 
incx^undbaent at SaylorviUe (Bierl, 1982). But since the reservoir was 
impounded, the concentrations at Station 5 have been reduced to a very 
low and nearly constant value, as the later part of Figure 25 clearly 
shows. That SaylorviUe Reservoir was very efficient in removing 
suspended solids from the Des Moines River is not new. In fact, previ­
ous studies by Butler (1981) and okereke et ai. (1985a) showed that the 
reservoir achieved sediment trap efficiencies of up to 93.6% with an 
average of dbout 90%. The same, of course, is true for Red Rock Reser­
voir. Comparing the data from Stations 6 and 9 shown in Figures 26 and 
27, respectively, it is obvious that the trap efficiencies of Red Rock 
Reservoir are no less impressive. Indeed, had the sediment contributed 
by the North, Middle and South Rivers (not measured at Station 6) been 
added, it will be <*vious that a lot of sediment is being trapped in 
these two reservoirs. 
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The Box-Jenkins Model 
Nome of the time series of suspended solids concentrations was 
stationary, therefore first and second order differencing were tried. 
None of these prodhiced a staticmary series either. Since the data had a 
log-normal distribution, it was thought that differencing Hie logarithms 
of the data would result in a stationary series. But that did not 
hawen. Both the first and second order differenced series from the 
logarithms of the monthly data were not stationary. Therefore, the Box-
Jenkins method could not be used to ^ lalyze the series of suspended 
solids concentrations from Stations 1, 5, 6, 9, and 10. Of course, the 
post-iapounctaient data from Stations 5 and 9 were stationary without 
differencing. But that was expected since the reservoirs are very 
efficient in reducing suspended solids concentrations at downstream 
locations. As Figure 25 clearly shows, the outflow concentrations of 
suspended solids from SaylorviUe Reservoir were constant for all 
practical purposes. Those from Red Rock Reservoir were more variable 
(Figure 27), but the variatiws were relatively small when compared to 
the corresponding variations at Stations 1, 6, anA 10. 
It was unfortunate that the Box-Jenkins method could not be used to 
analyze the series of suspended solids concentrations data. Even though 
the moving average model showed that the trends have neither be«i going 
up nor going down, it can be seen from T^le 23 that both the annual 
average soMj the variability aroufid It have been changing at nearly all 
stations. For instance, at Station 1 the annual mean concentrations 
varied from 101 mg/1 to 306 mg/1 with standard deviations of 74 mg/1 and 
633 mg/1. At Station 6, the high and low mean values are 62 mg/1 and 
580 mg/1, respectively, while the standard deviations varied from 
61 mg/1 to 938 mg/1. In the same vein, the low and high annual means of 
suspended solids concentrations at Station 10 are 79 mg/1 and 541 mg/1 
respectively, while the standard deviations varied from just 89 mg/1 to 
963 mg/1. 
With these kinds of variability, it was not surprising that when 
these annual means and standard deviations were compared statistically. 
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Table 23. Annual n&eans and standard deviations of the suspended solids 
concentrati(Xis (ng/l) at Stations 1, 5, 6, 9, and 10 
Period Station 1 Station 5 Station 6 Station 9 Station 10 
X s % s X s X s X s 
1973/74 197 161 242 134 256 224 47 23 363 267 
1974/75 171 238 154 149 145 186 46 35 295 561 
1975/76 101 74 103 83 214 255 35 15 222 225 
1976/77 53 30 53 21 93 88 31 18 79 89 
1977/78 226 307 28 18 580 938 46 32 539 892 
1978/79 306 633 22 13 225 341 31 31 541 963 
1979/80 129 160 20 8 111 227 34 12 146 200 
1980/81 172 345 22 10 62 61 40 28 137 213 
1981/82 191 222 22 10 112 103 41 26 329 411 
1982/83 119 69 26 30 144 129 28 24 330 257 
1983/84 181 259 34 27 129 97 28 16 175 145 
1984/85 106 85 21 11 172 183 46 41 188 178 
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using the methods of multiple comparisons (Kleinbaum and Kupper, 1978), 
it was found that significant differences existed between them at the 
95% level of confidence. Therefore, it can be concluded that the 
suspended solids concentrations at Stations 1, 6, and 10 have varied a 
lot over the years. The problem is that these variations have not been 
consistent. The data may indicate an upward trend in the concentratims 
in one year and an opposite trend in the next. This explains %*y the 
moving averages of the last section showed no ccmsistent tr^ in 
suspended solids concentrations data from all sampling stations, except 
Stations 5 and 9. 
Several factors coadbined to exacerbate the "suspended solids prob­
lem" encountered in this research. It is suspected that the central 
problem has to do with the nature of the suspended solids par^teter. By 
definition, it camot be dissolved mid its concentration can change 
quite rapidly, especially with significant nanoff into the rivers. 
Besides, the presence of extreme values in the data set caused the 
series to be skewed. The implication of this is that the usual statis­
tics (mean, standard deviation) calculated from the data may not be as 
meaningful as would otherwise be the case. Indeed, the median or mode 
may be more representative, especially since the data had a lognnormal 
distribution. Of particular importance is the frequncy and time of 
occurrence of these extreme or outlier data points. As Hattlg (1965) 
found in his work on the North, Middle, and South Rivers, these extreme 
values occur mostly in the spring and fall. Under the current program 
in which suspended solids were sampled on a bi-#feekly basis, it is 
entirely probable that a number of these outlier data points occurred 
during the off weeks. 
Except during the first year (1972/73), when forty-six suspended 
solids samples were collected at each station, sampling for this 
parameter has been limited to about 25 data points per year. With so 
few sas^les each year for the most variole parameter in the schedkiie, 
it is not surprising that the analysis of the suspended solids concen­
trations data was inconclusive for all but the two stations located 
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immediately downstream of the reservoirs. It is the position of the 
author that something has gone wnxig vrtien the calculations show that 77% 
of the armual sediment load at station 10 was transported in just one 
day. Had more sai«>les been collected that year, it was likely that the 
overall effect of that one extreme value would be reduced to a more 
realistic level. 
In the light of the above, it is recommended that the frequency of 
suspended solids sampling be increased to we^cly sampling from the 
current bi-weekly schedule. It is the hope that an increased segpllng 
frequency will help accomplish a number of (Ajectives. First, it will 
help ensure that most significant events are not missed. Besides, a 
more frequent sampling sdiedule is likely to produce a more representa­
tive series than *Aat is currently availdole. Therefore, it will be 
possible to obtain better estimates of the sediment transport in the 
rivers and the quantity of it that is deposited in both Red Rock and 
SaylorviUe Reservoirs. There is the question that soil loss through 
erosion is a major problem in the Des Moines and Raccocm River basins. 
Also, the rate of sediment deposition in SaylorviUe and Red Rock Reser­
voirs is believed to be unacceptably hi^. So, it will be significant 
to get better information with regard to the concentrations and trans­
port of this parameter in the system. 
Of course, increasing the sampling frequency of suspended solids 
would require financial commitments that are not easy to come by at this 
time. But if the recommendations for reduced sampling frequency for 
ammonia eund orthophos^Aate are accepted, the savings can be wplied to 
suspended solids. In fact, there might even be a small monetary savings 
since it costs more to saaple and analyze for ammonia or orthophosphate, 
than it does for suspended solids. 
Total Phosphate (as PO^) 
The concentration of total ^ Aosphate was one of the most variable 
among the six parameters analyzed in this study. The available data 
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show variations of nearly three orders of aacpnitude at some stations. 
The reason for this is that most phosphates found in water adsorb 
strongly onto suspended solids. H#mce, as the concentration of suspen­
ded solids increases, the concentration of total phosphate also tends to 
increase, indeed, the relationship between the two is so strong that 
the fate of the two in the system tends to be intertwined. For example, 
the extreme values that occurred in the suspended solids data set, also 
occurred in the total phosphate data. Besides, these extreme values 
tend to occur at the same time at any of the sampling stations con­
sidered. As was shown in the last section, one of the effects of the 
reservoirs on water quality was to cause consider^le reductions in the 
concentrations of suspended solids at downstream locations. Given the 
relationship between susp^ided solids and total phosphate, it is reasm-
2È)le to e3Q)ect a similar reduction in the concentrations of total phos­
phate. Indeed, that was precisely the case, except that the percmt 
reduction in the concentration of total phosphate was not as great as 
that for suspended solids. 
Annual Moving Averages 
The moving averages method was used to analyze the time series of 
total phosphate concentrations from Stations 1, 5, 6, 9, and 10. The 
results, together with the monthly average concentrations, are shown in 
Figures 29 through 33 for Stations 1, 5, 6, 9, and 10, respectively. 
These are also shown in Tables 104 through 113 in the Appendix. From 
the figures, it is apparent that the monthly average concentrations of 
total phosphate have been going up and down without any regularity at 
all. Therefore, the twelve-month moving averages show up (md down 
troids. For example, the moving averages for total phosphate at 
Station 6 starts out at about 2.3 mg/l in early 1972, then decreases 
steadily to about 1.3 mg/1 by 1974, before rising again. By 1977, the 
trend has reached its all-time high of more than 7.0 mg/l. From then 
on, the moving averages decreased steadily for about two years, to 
1.3 mg/1 by the middle of 1979. There was another peak from late 1980 
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to the early part of 1981. But, from the beginning of the 1982 water 
year to the end of the 1984 water year, sampling for total phosphate was 
so drastically reduced that little can be deduced dbout the variati<xis 
in the total igAospAate concentrations throughout that period. Indeed 
during that 35-montb period, only four data points were reported for 
total phosphate at each of the five stations. These were for May, 
August, and Oct<*er in 1982 end Januairy, 1983. 
In general, the gragAs of the moving averages for total phosphate 
from nearly all the sa%)ling stations were relatively flat. Except for 
the 1977 water year, there were no major increases or decreases in the 
moving average trmds at Stations 1, 6, 9, and 10. As cai be seen from 
Table 24, the annual averages fell for the most part within a close 
range. For example, the annual averages at Station 1 varied from 
0.8 mg/1 to 1.4 mg/1 throughout the eleven years of total phosigAate 
sailing. At Stations 6, 9, and 10 the range of these average concen­
trations were from 1.2 mg/1 to 6.8 mg/1, from 0.6 mg/1 to 1.2 mg/1, and 
from 0.8 mg/1 to 1.5 mg/1, respectively. Indeed, the ranges for the 
annual averages would be smaller if the unusual concentrations of the 
1977 water year were left out. 
The real story, though, is in the variances associated with the 
above means. While the ranges in the annual means for each station may 
be low, the same could not be said of the standard deviations. For 
instance, while the annual meais for station i varied from 0.8 mg/1 to 
1.4 mg/1, the standard deviations varied from as low as 0.2 mg/1 to as 
high as 1.2 mg/1. So, while the graphs of Figures 29 through 33 suggest 
that the average concentrâticms of total phosphate have neither in­
creased nor decreased, it is clear that considerable scatter existed in 
the data. In fact, it is probable that the common belief that total 
E4K>sphate concentrations in the basin have been increasing was spurred 
on by the incidences of extreme values that were prevalent in the data 
set, especially in the late 1970s. 
At Station 5, however, there are two periods to be considered: the 
preiBNPouandment period (before April, 1977) and the post impoundment 
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T^le 24. Annual means and standard deviations of the total phosphate 
(as POi,) concentrations (ng/1) at Stations 1, 5, 6, 9, and 10 
Period StatiOT 1 Statiw 5 Station 6 Station 9 Station 10 
X s X s X s X s X s 
1971/72 1.1 0.2 1.2 0.3 2.8 0.7 1.1 0.7 
1972/73 1.2 0.5 1.5 0.6 1.5 0.5 0.8 0.2 1.5 0.6 
1973/74 0.8 0.3 1.0 0.4 1.4 0.7 0.6 0.2 1.3 1.1 
1974/75 0.8 0.3 0.9 0.3 1.8 0.6 0.7 0.3 1.2 0.9 
1975/76 1.0 0.4 0.9 0.4 2.0 0.8 0.8 0.2 1.0 1.0 
1976/77 1.2 1.0 1.0 0.5 6.8 4.6 1.2 0.9 0.8 0.3 
1977/78 1.4 1.2 0.9 0.6 2.6 1.6 0.8 0.4 1.5 1.5 
1978/79 1.0 0.5 0.5 0.3 1.7 0.9 0.8 0.4 1.3 1.3 
1979/80 1.2 0.9 0.6 0.3 1.2 0.4 0.8 0.2 0.9 0.5 
1980/81 0.8 0.4 0.5 0.2 1.9 0.7 0.8 0.4 1.2 0.6 
1981/82 — — — — — — —— — — 
1982/83 
1983/84 —— — — — — 
1984/85 0.9 0.5 0.4 0.2 1.8 0.7 0.9 0.3 1.3 0.6 
Pwulation 
values 1.0 0.6 0.8 0.6 2.3 2.1 0.8 0.4 1.3 1.2 
Table 25. Ninety-five percent (95%) confidence intervals for the 
means and standard deviations of the total pAosphate 
concentrations (ng/1) 
StatiOT V (ng/1) a (ng/1) Autocorr(X^, X^_i2^ 
1 0.8 V i 1.4 0.4 < a < 1.0 0.14 
5a 0.4 ( V < 1.2 0.4 ( 0 < 1.0 -0.41 
5b 0.6 ( w < 1.8 0.6 < a 1.5 -0.11 
5c 0.4 w 0.6 0.2 ( 0 < 0.4 -0.17 
6 1.0 < w 3.6 1.5 < 0 < 3.6 0.09 
9 0.5 V < 1.1 0.3 ( a < 0.7 0.07 
10 0.5 u 2.1 0.9 ( 0 < 2.0 0.00 
^ Total data. 
Preioqpoundbent data, 
c Postimpoundaent data. 
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period (since April, 1977). Before impoundment, the average concentra­
tions of total phosphate at that station were comparable to those at 
Station 1. Indeed, the overall average concentration for that period is 
1.2 og/l with a standard deviation of 0.9 mg/1. This is comparable to 
the overall average concentration of 1.0 mg/1 reported for Station 1. 
But, during the postimpoundment period, the average concoitrations at 
Station 1 remained essentially unchanged while the average concentra­
tions at Station 5 decreased consider^ly. So, »Aile the average total 
phos#%ate concentration increased slightly to 1.1 mg/1 at Station 1, the 
average at Station 5 decreased to 0.5 mg/1. 
This indicates a decrease of 53% in the average concentration of 
total phosphate between Stations 1 and 5 in the Des Moines River. In 
other words, Saylorville Reservoir had the effect of reducing the total 
phosgAate concentrations at downstream locations. This was not unexpec­
ted since most of the phosphorus found in the rivers was in particulate 
form. Besides, since phosphorus adsorbs wto suspended solids, it would 
be expected that a significant fraction of the total phosphate in the 
river would settle to the lake bottom with the suspended solids. This 
is particularly true since both the effective and theoretical detention 
times in the reservoir are not small (Beckert, 1982). A similar reduc­
tion in phosphate concentrations was also expected at Station 9, due to 
Red Rock Reservoir. This was obvious from a comparison of the data from 
Stations 6 and 9. However, a quantitative evaluation was not made 
because the contributions of the South, Middle, and North Rivers were 
not included in this researdi. 
Finally, in addition to reducing the concentrations of total 
{4K>s{4)ate, the reservoirs also helped keop these concentrations fairly 
steady. As Figure 30 clearly shows, extreme values were no longer 
observed at Static» 5 from the time Saylorville Reservoir became 
operational. 
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The Box-Jenkins Model 
The Box-Jenkins method was also used to analyze the series of total 
phospAate concentration data. From the moving averages of the previous 
section, it aM)ears that the trends in the data were featureless. 
Therefore, arittmetic or logarithmic differencing would not be needed to 
produce a series that is stationary with respect to the means. Indeed, 
comparing the annual means of Table 24 with the 95% confid«ice intervals 
of Table 25, it can be seen that nearly all the annual means satisfied 
the constant mean condition for stationarlty. %e same was also true of 
the autocorrelations. All but one satisfied the stationarlty conditio 
for the autocorrelations of the total phosphate data as defined by 
Equation 24. The lone exception was the autocorrelatlœ for the pooled 
data from Station 5. That includes data from both the preiopoundment 
and postiiwoundment periods. But, as can be seen from Figure 30, the 
average monthly concentrations of total phosphate at Station 5 decreased 
so much that the data frœi the two periods can only be seen as coming 
from different populations. Hence, the "high" autocorrelation coeffi­
cient obtained for that set, even though when considered separately the 
autocorrelations were very small. 
Also the constant standard deviation was also satisfied for the 
most part. Except for one or two outliers, all of the annual standard 
deviations were within the confidence intervals of Tdble 25. Therefore, 
it can be concluded that the time series of total gdiosiAate concentra­
tions was stationary as defined previously. Hence, it follows that the 
average concentrations of that parameter have not changed significantly 
since the sang)ling program began. Of course, this ctxiclusion does not 
apply to Station 5 at vdilch the Saylorville Reservoir caused the average 
concentrations of total phosphate to decrease significantly. Indeed, 
the average reduction in the concentrations at downstream locations due 
to the reservoir was 53%, which is remarkable. 
However, it must be pointed out that the confidence Intervals of 
Table 25 are so wide that the above cmclusions must be evaluated very 
carefully. For exawle, the confidence interval around the mean at 
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Station 6 is ± 1.3 ng/l and the interval around the standard deviation 
is 2.1 ng/l wide. So, even though the trend in the total phosphate 
concentrations was relatively flat, it is quite accurate to say that 
there is considerable scatter in the data. As can be seen from Figures 
31 and 33, the incidences of extreme values became more prevalent in the 
late 1970*s, especially at Stations 6 and 10. With a bi-weekly sampling 
for total phosphate, it is prdoable that some of these extreme values 
may have been missed. In other words the averages and confidence inter­
vals of Tables 24 and 25 sight be significantly different, if a weekly 
saa^ling schedule had been adopted for this parameter. Given the wide 
variations in the total i^Aosphate data, and the importance of this 
parameter in the overall quality of the river waters, it is appropriate 
that more enqphasis be placed on it. It is recommended that total phos-
F^te be sampled weekly while the sampling frequency for ammonia and 
orthophosphate be reduced to bi-weekly or even once a month. Rearran­
ging the sampling frequency for these parameters would not cost more 
money, but the quality of the data collected would improve considerably. 
Biochemical Oxygen Demand (BOD) 
As one of the most important determinants of surface water quality, 
especially with respect to eutrophicat ion, biochemical oxygen demand was 
one of the fourteen parameters vAose analysis was required by the terms 
of the original contract that set up the sampling program. Therefore, 
unlike suspended solids and total phosf^te, biochemical oxygen d^end 
data were available from the start of sampling at each station. Indeed, 
concentration data for this parameter are available from Stations 1 and 
5 since July 1967, from Stations 6 and 9 since August 1971, and from 
Station 10 since August 1972. Analytical determination of the BOD con­
centrations was performed by the Dilution Method as outlined in Standard 
Methods for the Exaaination of Hater and Wastewater (1980). The pub­
lished data are the five-<Jay, 20°C, BOD concentrations and not the 
ultimate BOD's. 
132 
From the begiraiing, the BOD parameter was sampled for on a weekly 
basis. But for the 1974/75 contract year, the sampling frequency for 
that parameter was reduced to once every two weeks. Weekly sampling was 
resumed thereafter. Between Novendser 1981 aid March 1984, BOD sampling 
was drastically curtailed at nearly all the sampling stations. For 
instance, there was no BOD sailing at all at StaticNns 1, 5, and 10, for 
29 mcmths beginning in NoveoÉier 1981. On the other hand, the "down 
time" periods at Staticxis 6 and 9 also started in Noveodser 1981 and were 
10 Bonths and 19 months long, respectively. 
Annual Moving Averages 
The monthly averages axl the twelve-month moving averages of BOD 
concentrât ions are shown together in Figures 34 through 38, for Stations 
1, 5, 6, 9, and 10 respectively. The data are also presented in Tables 
114 through 123 in the Appendix. From these figures, it can be seen 
that the average concentrations of B(X) tended to be low in the winter 
and summer but high in spring and fall each year. However the hig^st 
concentrations tended to occur in the fall, while the lowest occurred in 
winter. In other words, there were generally two peaks and two troughs 
each year in the monthly averages of the concentrations of this parame­
ter. The high concentration periods correspond to the periods when the 
river flows are the largest, while the low concentrations tended to 
occur during the low flow periods in summer and winter. 
These observations are reasonable when the three main sources of 
BOD in the rivers are considered. These are: organics washed into the 
rivers by surface runoffs, the decay of organics in the bottom sedi­
ments, and algae. By far the largest contributor to BOD in the rivers 
(except at Station 6) was runoff. Therefore, in any given year, the B(X) 
ccmcentrations were highest when the runoff rates were high. Also, 
algae contribute significantly to the B(H) c(»icentrati(»ns measured at 
these rivers, especially in late summer and fall. It is not surprising 
then that the algal blooms and the high runoff rates in the fall com­
bined to produce the high BOD concentrations that occur in the fall 
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Figure 36. Monthly average concentrations and twelve-month moving averages (mg/l) of 
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Figure 37. Monthly average concentrations and twelve-month moving averages (i^/l) of 
biochemical oxygen demand (BOD) at station 9 
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Figure 38. Monthly average concentrations and twelve-month moving averses (mg/1) of 
biochemical oxygen demand (BOD) at station 10 
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every year. 
But in general, the average concentrations of B(X) tend to be 
largest during low flow years. For example, the average concentrations 
of the BOD parameter were relatively high during the 1968, 1976, 1977, 
and 1982 water years, all of vAiich were drought years in the region. 
The reason for this is that during those low flow years the capacity of 
the river to dilute the BOD load is reduced. Even though runoffs were 
low, and the annual BŒ> loads during those years were small, the BOD 
from algae and sediments were large enough to keep the concentrations at 
a high level. This was the case for the data from nearly all the 
sampling stations, as Figures 34 through 38 clearly show. 
However, at Station 5 (since impoundment) and Statiw 9, the 
expected increases in BOD concentrations during the low flow years were 
te{v>ered by two factors. The first is that Saylorville and Red Rock 
Reservoirs have been shown to remove significant fractions of the 
Influent BOD loads. Hence, the average concentrations of that parameter 
in the reservoir outflows (Stations 5 and 9) are generally smaller. The 
second is that one of the multiple uses of these reservoirs is to 
augment low flows in the Des Moines River. Therefore, during low flow 
conditions, like a drought for instance, water is released from storage 
to augment the flows at downstream locations. The result is that the 
capacity of the river to dilute the BŒ) load would increase. So, the 
combined effect of these factors was to keep the expected increases in 
the parameter concentrations to a minimum. 
It is not surprising then, that since Saylorville Reservoir was 
impounded in April 1977, the average monthly COTcentrations of BOD at 
Station 5 have varied very little. As cot be seen from Figure 35, the 
BOD concentrations at that station were high and comiarable to those at 
Station 1 before the reservoir was ii^pounded. But, vAile the concentra­
tions at Station 1 remained fairly high after impoundment, those at 
Station 5 decreased considerably. Before impoundment, the average BOD 
concentrations at Stations 1 and 5 were 7.7 mg/1 and 7.8 mg/1, respec­
tively. After ii^poundtaent, the corresponding averages were 4.9 mg/1 and 
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2.4 mg/1, which iONPlies a 51% reduction in average BOD concentrations 
due to Saylorville Reservoir. 
With an average hydraulic detention time in excess of 12 days and 
little or no short circuiting, it was reasonable to expect a significant 
fraction of the influent BOD losing to be stabilized within the lake. 
That would cause the downstream concentrations to decrease siAstantial-
ly. Conqparing the postigqpoundkent portions of the BOD concentraticm 
series at Stations 1 and 5 (Figures 34 and 35), it can be concluded that 
the outflow concentrations of the parameter remained relatively constant 
irrespective of the influent concentration (Station 1). 
The behavior of Red Rock Reservoir with respect to BOD concentra­
tions, was similar to that of Saylorville. For example, coaç>aring the 
K3D concentrations at Stations 6 and 9 (Figures 36 and 37), it can be 
seen that significant reductions in concentrations occurred between the 
two stations. Therefore, it can be concluded that Red Rock Reservoir 
had a beneficial effect on BŒ) at downstream locations. But, the full 
effects cannot be evaluated since the BŒ) measurements at Station 6 do 
not include all inputs of BOD into the system. For instance, the 
contributions of the North, Middle, and South Rivers to the total BOD 
loading into Red Rock Reservoir were not evaluated. Indeed, it is 
probable that had these other sources been included, the fractional 
decrease in BOD as the flow passes through the reservoir would be more 
resaarlcable. 
Over the years, the average concentrations of B£» at all five 
sampling stations have increased or decreased as the discharge decreased 
or increased. Hence, it is inaccurate to conclude that the trends in 
the concentrations have been going tqp or down. Except at the stations 
immediately downstream of the reservoirs, there was really no evidence 
of significant reductions in long-term BW concentrations at any of the 
stations. This conclusion stems not only from the moving averages of 
Figures 34 through 38, but also from T^le 26 which shows the annual 
means and standard deviations of the parameter. 
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Table 26. Annual means and standard deviations for biochemical oxygen 
demand (BOT)) concentrations (ag/1) at Stations 1, 5, 6, 9, 
and 10 
Period Station 1 Station 5 Station 6 Station 9 Station 10 
X s X s X s X s X S 
1967/68 14.7 4.6 15.0 3.9 — ___ 
1968/69 6.7 3.8 7.0 3.8 — —— 
1969/70 7.2 3.4 8.2 3.8 — — — —— 
1970/71 8.3 3.8 8.7 3.6 — 
1971/72 8.7 4.4 7.8 3.6 9.9 3.3 6.2 2.1 — 
1972/73 4.8 2.2 5.4 2.7 5.5 1.5 3.0 1.2 4.8 1.4 
1973/74 4.3 3.8 4.3 3.8 3.9 2.3 2.3 1.3 2.9 1.7 
1974/75 5.8 4.9 6.1 5.0 5.7 2.9 2.5 1.4 3.3 1.7 
1975/76 7.2 4.2 6.5 2.2 6.3 1.8 2.6 1.3 4.2 2.1 
1976/77 9.7 3.5 8.9 3.1 12.7 5.8 4.2 2.3 5.8 2.4 
1977/78 5.1 2.6 2.5 0.8 4.5 1.7 2.1 0.6 3.4 1.8 
1978/79 4.5 3.1 2.2 0.8 4.5 2.0 2.2 0.8 3.6 2.6 
1979/80 3.4 1.8 2.2 0.7 3.4 1.6 2.4 1.0 4.4 2.0 
1980/81 7.7 3.3 3.2 1.5 5.7 1.4 3.3 1.6 5.1 2.5 
1981/82 — — 
1982/83 —— 3.4 1.8 —— 
1983/84 3.3 1.6 2.8 1.3 
1984/85 4.0 2.5 1.8 0.4 3.6 1.0 2.3 0.8 3.5 2.1 
Population 
values 6.9 4.4 7.8 
2.5 
4.5 
1.1 
5.6 3.6 3.0 1.7 4.1 2.2 
Table 27. Ninety-five percent (95%) confidence intervals for the 
means and standard deviations of B(X) concentrations (mg/L) at 
Stations 1, 5, 6, S, and 10 
Station u (mg/1) a (rag/l) Autocorr(X^, *t-i2^ 
1 4.1 < V < 9.7 3.1 < a 8.2 -0.13 
53 4.9 < u 10.7 3.2 o 8.4 -0.10 
5b 1.8 u ( 3.2 0.8 ( a 2.0 0.10 
6 3.3 ( u ( 7.9 2.6 ( a 6.7 0.15 
9 1.9 ( u ( 4.1 1.2 ( a 3.2 0.07 
10 2.7 u s 5.5 1.6 a 4.1 0.14 
® Preimpoundment period, 
b postinpoundment period. 
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The Box-Jenkins Model 
As before, the Box-Jenkins method was used to analyze the time 
series of BOD concentrations for long-term trends. The results indi­
cated for the most part that the conditions for stationarity were met by 
the data from nearly all five stations. First the autocorrelation coef­
ficients were all within the specified limits (Equatim 18) when the 
data were lagged by twelve months. Indeed, the autocorrelations varied 
from -0.13 at Station 1 to 0.15 at Station 6. "Aerefore, it can be con­
cluded that the BOD concentrations were uncorrelated. In other words, 
they were random events for all practical purposes. 
Also, as can be seen from Tables 26 and 27, some of the annual 
means and standard deviations do not fall within the confidence inter­
vals established in Table 27. Hence, it follows that significant dif­
ferences exist between the annual means of BOD concentrations from 
nearly all the sampling stations. Of course, the same is true of the 
standard deviations for all cases. Therefore, it can be concluded that 
significant differences exist between the BOD data from different years. 
In other words, the annual data sets cannot be said to come from the 
same pcvulaticm. 
The reason for this is that BOD concentrations in a river are very 
dependent on runoff and river flow rates, which are stochastic proces­
ses. Hence, as the flow rate changes, so does the BOD concentrâtiwi. 
Indeed, the concentrations of BOD in the rivers had a somewhat "inverse* 
relationship with the discharge. As the discharge increases, the BOD 
concentration decreases. Conversely, as the discharge decreases, the 
concentration of the BW parameter increases. For instance, it can be 
seen from Figures 34 through 38 that the 1968, 1977, and 1981 water 
years were characterized by high average BOD concentrations at most of 
the sampling stations. It was no accident that these were very low flow 
years at the same saa^pling stations. When the flow rates were higA, 
these same figures show that the average concentrations of the BŒ) 
parameter were relatively low. 
Therefore, it is somewhat inappropriate to refer to increases or 
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decreases in BOD concentraticms in both the Des Moines and Raccoon 
Rivers without reference to the flow rates at the time of interest. 
Indeed, BW concentrations cannot be said to have increased or decreased 
at all but one of the stations studied. The available facts suggest 
that the variations observed in the concentrations of the parameter were 
far more dependent on river flow rates than on anything else. Even at 
Station 6 which receives significant point source contribution of BOD 
(up to 58.3% annually), the situation was the same. The only difference 
was that the concentrations were relatively higher than at any of the 
other stations. Hie only exception to the above was Station 5, where 
the presence of Saylorville Reservoir caused a dramatic decrease in BOD 
concentrations at downstream locations. As was shown previously, the 
reservoir caused the average BOD concentration to decrease by up to 58% 
annually. 
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CONCLUSIONS 
Transect Studies 
Savlorville Studies 
Two transect studies were conducted on Saylorville Reservoir, and 
ten transect studies were conducted on Red Rock Reservoir over a fif-
teen-Bonth period. three of the six parameters of interest to this 
study were sanqpled at Red Rock; all six were sampled for during the two 
transect studies at Saylorville. These included water temperature, dis­
solved oxygen, total phos(*ate, ammonia, suspended solids, and nitrite 
plus nitrate nitrogen concentrâtIOTS . Saylorville Reservoir was saaf)led 
more intensively; Red Rock Reservoir was sampled more extensively. 
The results of the three-way analysis of variance of the transect 
data from the two reservoirs showed that: 
(1) Saylorville Reservoir was thermally and chemically stratified 
during the first study, but was mixed during the second 
study; 
(11) Red Rock Reservoir was mixed during the first two transect 
studies, but fully or partially stratified during the other 
eight studies; 
(ill) depth gradients of dissolved oxygen concentrations were al­
ways greater than the depth gradients of any other paraseter; 
(iv) transverse and longitudinal gradients were not statistically 
significant in nearly all cases analyzed; and 
(V) short-circuiting may not be a significant problem at either 
Red Rock or Saylorville Reservoirs. 
The Time Series Analysis 
Nearly twenty years of weekly water quality data from five sampling 
stations were analyzed for long term trends in the parameter concentra­
tions. The parameters analyzed Included ammonia, biochemical oxygen 
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demand, suspended solids, total phosphate, orthophosphate, and nitrite 
plus nitrate nitrogen. After sa%)ling for the concentrations of these 
parameters at several stations on the Des Moines and Raccoon Rivers, and 
in Saylorville and Red Rock Reservoirs, it seemed appropriate that the 
available data should be analyzed to identify any long term trends that 
may be embedded in the data set. Of particular importance is whether 
the quality of the water has improved, gotten worse, or not changed 
significantly since the sampling program was started nearly twenty years 
ago. Besides, it was desired to find out if any modifications in the 
current sampling program might be warranted. After sampling for so 
lorjg, it is prudent to reassess the sailing frequency for each parame­
ter to see how the program can be modified in order to improve the 
usefulness of the data collected. 
The results showed that the trends in some parameters such as 
ammonia and orthophosphate were essentially constant for the entire 
period. Their concentrations were generally very low. No upward or 
downward trend was identified in either case. In other words, the 
average concentrations of these two parameters have not changed signifi­
cantly since the sampling program began. In the case of ammonia, it was 
shown that the concentrations rarely exceeded the State of Iowa's split 
standard for aumonia in Class B waters. Out of the 3,617 samples of 
ammonia collected at the five stations, only 37 exceeded the standards. 
Besides, 31 of these were from the 1876/77 water year, which was a very 
dry year indeed. Therefore it was recommended that the sampling 
frequency of these two parameters be reduced to once or twice a month 
from once a week. 
Despite the more frequent incidences of extremely high concen­
trations of suspended solids and total phosphate, it was found that the 
average concentrations of these parameters have not been Increasing. 
But the extreme values tended to introduce considerable scatter in the 
moving averages. Given the variability in the concentrations of these 
parameters, and the fact that extreme values seem to have become more 
frequent in recent years, the current bi-weekly sampling frequency for 
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these parameters seems inadequate. Besides, total phosphate and 
suspended solids are increasingly being recognized as two of the most 
critical parameters that contribute to the deterioration of water 
quality. Hence, it was recommended that the smgiling frequencies for 
both be increased to once a week. 
As for nitrite plus nitrate nitrogen, the results indicated that 
nitrogenous fertilizer use has doubled in the region during the study 
period. But that did not result in a corresponding increase in the 
concentrations of nitrite plus nitrate nitrogen. Instead, the trend in 
the concentrations of the parameter increased or decreased as the rmoff 
increased or decreased. In other words, increases in the concentrations 
of nitrites and nitrates can be explained by increases in surface 
runoff, and do not indicate a change in the long term trend. In fact, 
it was shown that the concentrations have not been increasing since the 
sampling program was started in 1967. Since the parameter concentra­
tions were so dependent on runoff, it was recommended that the current 
once-a-week sampling schedule be retained for nitrite plus nitrate 
nitrogen. 
In the opinion of this author, the adoption of the above recom­
mendations would improve the usefulness of the data that would be 
accumulated. For one thing, more resources would be devoted to those 
parameters that cause the greatest water quality problems in this state. 
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Saylorvilie Reservoir transect study field results for water temperature (°C), 
August 20-23, 1984 
Transect lA (Auq. 20) Transect 2A (Auq. 20-21) Transect 3A (Auq. 21) 
Stations Stations Stations 
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
26.0 26.3 26.5 26.1 26.2 26.6 25.5 25.4 25.8 26.3 25.0 25.4 25.1 26 .5 26 .2 
25.9 26.2 26.3 25.8 25.9 26.6 25.5 25.4 25.8 25.9 25.2 25.3 25.3 26 .4 26 .0 
25.8 26.1 26.2 25.8 25.6 26.7 25.7 25.4 25.8 25.7 25.2 25.3 25.3 26 .4 25 .9 
25.8 26.1 26.2 25.8 25.3 26.7 26.0 25.4 25.8 25.6 25.2 25.3 25.3 26 .7 25 .8 
25.8 26.1 26.1 25.6 25.2 26.4 26.2 25.3 25.3 25.3 25.2 25.3 25.2 27 .0 25 .7 
25.7 26.1 26.0 25.5 25.2 26.3 26.3 25.2 25.3 25.3 25.2 25.3 25.1 26 .9 25 .6 
25.7 25.8 25.9 25.1 25.1 25.1 26.3 25.0 25.2 25.2 25.3 25.3 25.1 26 .9 25 .5 
25.1 25.4 25.3 24.9 25.0 24.2 26.1 25.0 25.0 24.9 25.3 25.0 26 .8 25 .2 
24.8 24.9 24.9 24.8 24.9 23.2 25.6 24.6 24.2 24.9 24.2 25 .8 24 .7 
24.6 24.2 24.8 25.0 23.7 24.2 24.8 24.2 25 .3 
23.6 24.3 23.9 22.8 23.2 22.3 25 .2 
20.9 24.1 21.8 21.4 22.9 25 .0 
20.2 23.8 22.1 23 .8 
22.8 21.2 
Transect 4A (Auq. 22) Transect 5A (Auq. 23) 
Stations Stations 
1 2 3 4 5 1 2 3 4 5 
25.0 25.1 25.4 25.9 25.9 24.8 25.0 25.2 24.9 26.1 
25.1 25.0 25.4 25.7 25.8 25.1 25.1 25.1 25.3 25.4 
24.9 25.2 25.0 25.6 25.8 25.0 25.0 25.0 25.3 25.4 
25.0 25.2 25.2 25.5 25.7 25.0 25.0 24.9 25.3 25.4 
24.9 25.2 25.0 25.5 25.6 24.9 25.0 24.9 25.2 25.4 
24.9 25.1 25.0 25.3 25.6 24.9 25.0 24.9 25.2 25.1 
24.9 25.1 25.0 25.2 25.6 24.7 25.0 24.9 25.2 25.1 
25.1 24.9 25.0 25.4 24.7 25.0 24.9 25.1 25.1 
24.8 24.6 24.8 25.4 24.1 24.2 24.8 
24.8 23.8 23.7 24.4 
23.7 23.4 23.3 23.9 
22.9 23.3 23.8 
Table 29. Saylorville Reservoir transect study field results for dissolved oxygen (mg/1), 
August 20-23, 1984 
Depth 
(ra) 
Transect lA (Aug. 20) 
Stations 
Transect 2A (Aug. 20-21) 
Stations 
Transect 3A (Aug. 21) 
Stations 
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
0.5 5.80 6.90 6.10 6.25 6.45 7.35 6.50 6.15 7.15 6.25 6.45 6.05 5.80 5.60 5.85 
1.5 5.60 6.40 5.70 5.80 5.60 7.10 6.60 6.10 7.10 6.00 6.40 5.80 5.85 5.30 5.15 
2.5 5.70 6.20 5.30 5.20 5.60 6.80 6.55 6.00 6.80 6.20 6.25 5.95 5.75 5.40 4.80 
3.5 5.75 5.40 5.10 5.30 5.50 6.00 6.65 5.95 7.40 6.20 6.05 5.85 5.80 5.35 4.75 
4.5 5.70 5.90 4.75 5.20 5.50 5.20 6.30 5.85 6.80 — 6.40 5.85 5.80 5.35 4.65 
5.5 5.40 6.00 4.70 3.70 4.60 4.90 5.75 5.00 6.60 5.90 6.30 5.85 5.75 5.40 5.10 
6.5 3.95 0.15 0.50 0.20 0.55 4.90 5.25 4.40 6.00 4.75 6.25 5.90 5.75 5.40 5.20 
7.5 0.10 0.12 0.20 0.10 0.13 0.25 4.65 4.50 1.80 0.60 6.45 5.40 5.25 2.75 
8.5 0.08 0.10 0.15 0.10 0.25 0.10 0.30 0.15 0.40 0.50 0.15 0.20 0.05 
9.5 0.05 0.10 0.10 0.15 0.05 0.30 0.40 0.10 0.10 
10.5 0.10 0.10 0.05 0.05 0.20 0.10 0.05 
11.5 0.10 0.10 0.05 0.05 0.25 0.05 
12.5 0.10 0.05 0.10 0.05 
13.5 0.10 0.20 
Depth 
(m) 
Transect 4A (Aug. 22) 
Stations 
Transect 5A (Aug. 23) 
Stations 
1 2 3 4 5 1 2 3 4 5 
0.5 6.25 6.15 6.25 5.65 5.65 4.90 5.20 5.85 6.35 6.30 
1.5 6.25 6.10 6.25 5.65 5.65 4.70 5.00 5.35 5.80 5.05 
2.5 6.20 6.15 6.15 5.65 5.45 4.70 — 4.80 4.70 4.85 
3.5 6.15 6.10 6.15 5.60 5.40 4.65 4.85 4.70 4.60 4.70 
4.5 6.15 6.10 5.85 5.55 5.40 4.60 4.80 5.00 4.55 4.35 
5.5 6.10 5.95 5.85 5.60 5.35 4.70 5.05 4.90 4.50 4.35 
6.5 6.15 5.85 5.90 5.60 5.35 4.15 5.00 4.85 4.40 4.30 
7.5 5.25 5.00 5.25 5.10 4.15 4.85 4.65 4.10 4.20 
8.5 0.80 1.00 0.65 4.70 0.45 0.30 0.25 
9.5 0.15 0.30 0.15 0.20 
10.5 0.10 0.15 0.20 0.25 
11.5 0.20 0.05 
Table 30. Saylorville Reservoir transect study field results for suspended solids (mg/1), 
August 20-23, 1984 
Depth 
(m) 
Transect lA (Aug. 20) Transect 2A (Aug. 20-21) Transect 3A (Aug. 21) 
Stations Stations Stations 
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
0.5 4.3 6.1 4.9 6.0 5.3 8.4 6.4 9.9 10 7.7 6.3 6.6 6.3 12 15 
1.5 — —  —  — — — — -— — — —  —  9.5 — — — —  —  
2.5 5.5 4.9 4.8 4.6 4.9 7.1 6.8 8.5 —  —  5.6 7.5 6.6 5.2 10 13 
3.5 — — — — — — — —  —  5.6 — — —  — — 
4.5 5.7 4.1 4.8 6.0 5.0 5.9 6.5 7.3 — — 4.4 7.7 6.2 6.2 6, ,1 14 
5.5 — — — — — — — — — — 4.0 — — — — — — —  —  
6.5 11 5.7 5.8 7.1 8.5 6.3 6.3 6.6 —  —  4.9 8.1 5.6 4.4 5. ,4 8.6 
7.5 — —  —  — — — — —  — — 5.0 —  —  — — 
8.5 7.6 7.9 9.0 21 15 11 11 14 16 7.4 23 20 
9.5 — — — — 21 — 
10.5 23 22 43 25 — — 42 48 
11.5 —  —  — 27 
12.5 43 20 —  —  60 
13.5 32 
Depth 
(m) 
Transect 4A (Aug. 22) 
Stations 
Transect 5A (Aug. 23) 
Stations 
1 2 3 4 5 1 2 3 4 5 
0.5 9.3 6.9 7.1 9.2 11 9.6 8.6 8.0 11 14 
1.5 — — —- — — — — — — — — — 
2.5 9.5 7.5 8.6 835 11 10 8.7 11 13 14 
3.5 — — — — — — — — — — — 
4.5 
R C 9.3 7.4 8.2 8.8 11 11 8.7 12 13 16 
6.5 28 7.3 8.6 8.5 11 11 10 9.0 14 22 
7.5 .— — — — — — — — 
8.5 38 50 13 17 27 26 28 
9.5 — — — — — — 
10.5 59 96 48 40 
0 ,  
1 ,  
2 
3. 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
Dei 
(I 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
Saylorville Reservoir transect study field results for total phosphate (as PO,,) 
(mg/1), August 20-23, 1984 
Transect lA (Aug. 20) Transect 2A (Aug. 20-21) Transect 3A (Aug. 21) 
Stations Stations Stations 
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
0.12 0.11 0.16 0.37 0.11 0.15 0.28 0.25 0.24 0.14 0.06 0.37 0.12 0.14 0.26 
— — 0.16 — — — — — — — 
0.27 0.10 0.11 0.17 0.13 0.22 0.43 0.41 — 0.11 0.05 0.26 0.12 0.09 0.20 
— — 
— — — — — — 0.15 — — — — — — — 
0.31 0.10 0.10 0.13 0.11 0.21 0.23 0.19 — 0.13 0.08 0.12 0.21 0.09 0.20 
— — — 
— — — — 0.20 — — — — — — 
0.22 0.23 0.22 0.30 0.24 0.16 0.24 0.22 — 0.18 0.19 0.08 0.13 0.13 0.16 
— — — 
— — — 
— — — 0.26 — — — — 
0.37 0.57 0.48 0.43 0.37 0.47 0.39 0.49 — 0.43 0.32 0.42 0.57 
— — — — — 0.53 — — 
0.90 0.68 0.74 0.67 — 0.71 0.54 
— 0.69 — 
1.00 1.15 — 0.89 
0.81 
Transect 4A (Aug. 22) Transect 5A (Aug. 23) 
Stations Stations 
1 2 3 4 5 1 2 3 4 5 
0.15 0.48 0.28 0.24 0.13 0.14 0.19 0.22 0.25 0.27 
0.21 0.21 0.21 0.18 0.20 0.20 0.16 0.06 0.23 0.36 
0.39 0.17 0.20 0.21 0.43 0.26 0.17 0.21 0.20 0.42 
0.61 0.16 0.17 0.21 0.47 0.30 0.19 0.18 0.20 0.39 
0.60 0.47 0.42 0.37 0.43 0.35 0.69 
0.57 0.58 0.44 0.67 
Table 32. Saylorvllle Reservoir transect study field results for ammonia (as N) (mg/1), 
August 20-23, 1984 
Depth 
(m) 
Transect lA (Aug. 20) Transect 2A (Aug. 20-21) Transect 3A (Aug. 21) 
Stations Stations Stations 
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
0.5 0.17 0.23 0.14 0.10 0.20 0.11 0.13 0.21 0.11 0.24 0.10 0.16 0.14 0.37 0.36 
1.5 0.14 0.12 0.15 0.09 0.15 0.16 0.09 0.20 0.33 0.16 0.14 0.13 0.14 0.27 0.31 
2.5 0.18 0.21 0.15 0.13 0.21 0.10 0.08 0.22 0.16 0.30 0.13 0.20 0.18 0.31 0.35 
3.5 0.20 0.17 0.12 0.11 0.16 0.09 0.10 0.17 0.09 0.19 0.10 0.14 0.14 0.17 0.38 
4.5 0.15 0.16 0.15 0.10 0.20 0.18 0.12 0.18 0.08 0.22 0.14 0.20 0.21 0.20 0.37 
5.5 0.15 0.16 0.15 0.10 0.20 0.15 0.08 0.13 0.16 0.14 0.10 0.14 0.13 0.14 0.29 
6.5 0.14 0.17 0.19 0.20 0.27 0.12 0.11 0.15 0.09 0.19 0.10 0.15 0.11 0.15 0.28 
7.5 0.16 0.19 0.26 0.29 0.36 0.12 0.12 0.12 0.15 0.44 0.09 0.10 0.10 0.45 
8.5 0.18 0.31 0.34 0.27 0.50 0.26 0.34 0.54 0.17 0.43 0.28 0.86 0.71 
9.5 0.26 0.28 0.38 0.44 0.33 0.60 0.60 0.50 1.02 1.02 
10.5 0.41 0.56 0.88 0.87 0.65 1.64 1.16 
11.5 1.55 0.52 3.08 2.18 1.04 1.41 
12.5 1.93 0.62 1.37 2.10 
13.5 1.34 1.55 
14.5 2.24 
Depth 
(m) 
Transect 4A (Aug. 22) 
Stations 
Transect 5A (Aug. 23) 
Stations 
1 2 3 4 5 1 2 3 4 5 
0.5 0.12 0.08 0.17 0.30 0.36 0.35 0.37 0.31 0.39 0.43 
1.5 0.11 0.10 0.17 0.40 0.36 0.32 0.33 0.26 0.39 0.43 
2.5 0.13 0.08 0.17 0.23 0.36 0.33 0.31 0.36 0.45 0.45 
3.5 0.12 0.08 0.17 0.37 0.35 0.48 0.37 0.34 0.46 0.46 
4.5 0.12 0.10 0.22 0.34 0.38 0.35 0.30 0.33 0.44 0.47 
5.5 0.11 0.08 0.14 0.27 0.34 0.31 0.32 0.32 0.41 0.46 
6.5 0.11 0.08 0.18 0.27 0.35 0.32 0.34 0.32 0.44 0.56 
7.5 0.11 0.16 0.27 0.37 0.36 0.53 0.29 0.39 0.30 
8.5 0.32 0.19 0.46 0.36 0.91 0.91 0.94 
9.5 0.70 1.31 1.12 1.26 
10.5 1.04 1.58 1.43 1.68 
11.5 1.49 1.85 1.80 
0 .  
1 ,  
2 .  
3, 
4. 
5, 
6 
7, 
8 
9 
10 
11 
12 
13 
Dei 
(I 
0 
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2 
3 
4 
5 
6 
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Saylorville Reservoir transect study field results for nitrite plus nitrate 
nitrogen (as N) (mg/1), August 20-23, 1984 
Transect lA (Aug. 20) 
Stations 
Transect 2A (Aug. 20-21) 
Stations 
Transect 3A (Aug. 21) 
Stations 
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
4.82 4.80 5.04 4.94 4.77 4.83 5.08 4.85 5.01 5.04 5.12 5.05 4.95 4.00 3.92 
4.89 5.15 4.43 5.23 4.94 4.99 5.11 4.71 4.12 5.11 5.04 5.16 5.04 3.55 3.56 
4.83 4.66 4.20 4.97 4.96 4.69 5.13 4.88 4.75 5.00 5.20 4.68 5.07 4.32 3.25 
4.85 5.05 5.26 5.31 5.00 5.05 4.97 5.00 4.55 4.58 5.21 4.60 4.80 3.21 4.04 
4.84 5.30 4.48 4.80 4.80 4.92 5.13 5.08 4.08 4.61 5.20 5.03 4.86 4.68 4.18 
5.05 4.93 4.45 5.11 4.79 5.18 5.25 5.30 5.39 4.39 5.25 4.60 5.21 5.00 3.94 
5.41 5.64 5.15 5.29 5.17 5.10 5.19 5.31 5.14 5.02 5.18 3.76 5.20 5.00 4.45 
5.83 5.70 5.38 5.06 4.89 5.23 5.21 5.30 4.69 4.54 5.25 5.04 5.08 4.14 
5.71 5.09 5.20 5.15 4.76 5.34 5.07 4.68 5.30 4.14 4.82 3.55 3.38 
5.32 5.39 4.94 2.60 4.97 4.45 3.93 4.55 3.04 3.16 
5.12 4.71 3.58 3.83 4.07 2.28 2.86 
3.17 4.30 0.96 2.05 2.86 2.59 
2.07 4.27 2.50 1.13 
22.8 0.78 
(T 
Transect 4A (Aug. 22) 
Stations 
Transect 5A (Aug. 23) 
Stations 
1 2 3 4 5 1 2 3 4 5 
5.08 4.58 4.68 3.59 4.20 4.43 4.16 4.31 4.30 4.15 
5.07 4.98 4.89 4.20 4.11 4.39 4.26 3.64 4.24 3.71 
5.13 4.66 4.65 2.33 4.01 4.39 3.30 4.36 4.17 3.50 
4.43 4.91 4.67 4.01 4.08 4.39 4.01 4.37 4.25 3.60 
7.33 5.08 4.06 4.49 4.26 4.34 4.36 4.43 4.32 3.72 
5.29 4.97 3.47 4.53 4.10 4.38 4.13 4.48 4.27 3.83 
4.81 5.41 4.91 4.55 4.24 4.41 4.41 4.54 4.27 3.72 
5.31 5.00 4.97 4.02 4.42 3.43 4.38 4.13 4.18 
4.75 2.93 3.10 3.34 3.74 3.48 2.60 
3.64 3.32 3.24 2.22 
3.00 2.56 2.41 2.22 
2.37 1.98 2.02 
Table 34. Saylorville Reservoir transect study field results for water temperature CC), 
August 15-21, 1985 
Depth Transect lA (Aug. 15) Transect 2A (Aug. 16) Transect 3A (Aug. 19) 
(m) stations Stations " Stations 
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
0.5 24. 2  24.8 24.7 24.0 23.4 24.0 23.8 23.7 23.7 23.7 23.7 24.0 24.0 25.1 23.9 
1.5 23.5 23.3 23.8 23.8 23.3 24.0 23.8 23.8 23.5 23.6 23.6 23.8 23.6 23.7 23.7 
2.5 23.-1 23.2 23.4 23.5 23.1 23.8 23.7 23.7 23.4 23.5 23.5 23.6 23.5 23.6 23.5 
3.5 23. i! 23.2 23.3 23.3 23.1 23.7 23.6 23.6 23.3 23.4 23.4 23.5 23.4 23.5 23.5 
4.5 23.?. 23.1 23.3 23.3 23.2 23.7 23.6 23.5 23.3 23.3 23.4 23.5 23.4 23.5 23.5 
5.5 23. Î. 23.2 23.2 23.2 23.1 23.7 23.5 23.4 23.3 23.3 23.4 23.3 23.3 
6.5 23.1 23.1 23.4 23.3 23.2 23.1 23.4 23.3 
7.5 23.1 23.1 23.3 23.2 23.2 23.4 23.3 
8,5 23.1 23.1 23.2 23.1 23.3 
9.5 23.1 23.1 
10.5 23.1 
)epth 
(ro) 
Transect 4A (Aug. 20) Transect 5A (Aug. 21) 
Stations Stations 
1 2 3 4 5 1 2 3 4 5 
0.5 23.111 1 23.0 23.1 23 .3 23.6 23.3 23.1 23.1 23 .1 23.1 
1.5 23.1 23.0 23.0 23 .2 23.6 23.1 23.1 23.1 23 .0 23.0 
2.5 23.(1 23.0 23.0 23 .2 23.5 23.0 23.1 23.1 23 .0 22.9 
3.5 22.111 1 22.9 23.0 23 .1 23.5 23.0 23.1 23.0 23 .0 22.9 
4.5 22.9 23.0 23 .0 23.3 23.0 23.0 23.0 23 .0 22.8 
5.5 22.8 23.0 23 .0 23.1 22.9 23.0 22.8 
6.5 23.1 22.9 22.9 22.8 
7.5 23.1 22.9 22.8 22.7 
8.5 23.0 22.9 22.8 22.7 
9.5 22.9 
Table 35. Saylorville Reservoir transect study field results for dissolved oxygen (mg/1), 
August 15-21, 1985 
Depth Transect lA (Aug. 15) Transect 2A (Aug. 16) Transect 3A (Aug. 19) 
(m) Stations Stations Stations 
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
0.5 7.05 6.85 7.10 6.45 6.85 6.46 6.22 6.26 6.25 6.22 6.70 6.60 6.70 7.10 7.50 
1.5 6.65 7.10 6.85 6.45 6.65 6.32 6.30 6.21 6.21 6.25 6.70 6.20 6.30 6.65 6.60 
2.5 6.35 6.15 6.15 6.45 6.40 6.30 6.20 6.10 6.11 6.22 6.55 6.10 6.25 6.60 6.25 
3.5 6.40 6.20 6.25 6.45 6.45 6.34 6.23 6.10 6.06 6.30 6.55 6.15 6.30 6.60 6.25 
4.5 6.45 6.10 6.25 6.30 6.40 6.40 6.20 6.10 6.02 6.25 6.65 6.15 6.15 6.30 6.30 
5.5 6.45 6.35 6.25 6.35 6.35 6.40 6.22 6.10 5.97 6.35 6.25 6.30 6.25 
6.5 6.35 6.40 6.33 5.91 5.10 6.28 6.25 6.45 
7.5 6.25 6.35 6.10 5.58 8.15 6.15 6.30 
8.5 6.15 6.40 5.45 5.25 6.25 
9.5 6.35 4.78 
10.5 6.25 
Depth Transect 4A (Aug. 20) Transect 5A (Aug. 21) 
(in) Stations Stations 
1 2 3 4 5 1 2 3 4 5 
0.5 6.55 6.65 6.85 6.85 6.90 7.25 7.05 6.95 6.70 6.80 
1.5 6.55 6.45 6.85 6.85 6.90 6.60 7.20 6.80 6.70 6.80 
2.5 6.35 6.35 6.80 6.75 6.85 6.80 6.90 6.90 6.70 6.70 
3.5 6.10 6.35 6.80 6.80 6.85 6.50 7.00 6.75 6.60 6.60 
4.5 6.35 6.55 6.20 6.25 6.55 6.85 6.60 6.50 6.30 
5.5 6.35 6.30 6.00 5.75 6.50 6.70 6.10 
6.5 6.05 6.55 6.30 6.10 
7.5 6.05 6.30 6.30 5.80 
8.5 6.15 6.40 6.15 5.70 
9.5 6.35 
Table 36. SayiorviHe Reservoir transect study field results for suspended solids (mg/1), 
August 15-21, 1985 
Depth 
(m) 
Transect lA (Aug. 15) Transect 2A (Aug. 16) Transect 3A (Aug. 19) 
Stations Stations Stations 
1 2 3 4 5 1 2 3 4 5 .1 2 3 4 5 
0.5 
\ ^ 
9.8 12 14 17 16 12 14 15 17 18 15 16 14 9. 1 10 
2.5 MM» . MM 15 20 
3.5 13 17 18 18 — 10 - 17 — MM — - • 14 
4.5 —  —  — — — — MM — 14 14 — - MM 16 19 18 15 MM 
5.5 14 — —  29 20 20 13 MM — - 15 — — • 15 
6.5 MM - 27 — -
7.5 — —  MM 21 — — 31 — 
8.5 24 79 — 21 
9.5 — — 37 
10.5 31 
Depth 
(m) 
Transect 4A (Aug. 20) Transect 5A (Aug. 21) 
Stations Stations 
1 2 3 4 5 1 2 3 4 5 
0.5 18 17 12 14 15 16 18 17 18 20 
1.5 16 MM — — - MM MM — — — MM 
2.5 — —  MM — - MM MM 16 — - 19 
3.5 24 18 14 14 — — —  —  — -
4.5 MM — — - 17 19 19 26 42 
5.5 27 18 25 MM 18 — MM 
6.5 MM — —  —• MM 
7.5 — — MM — MM 
8.5 27 MM 40 49 
9.5 295 
Table 37. Saylorville Reservoir transect study field results for total phosphate (as POi,) 
(mg/1), August 15-21, 1985 
Depth 
(m) 
Transect lA (Aug. 15) Transect 2A (Aug. 16) Transect 3A (Aug. 19) 
Stations Stations Stations 
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
0.5 0.21 0.39 0.27 0.25 0.34 0.18 0.44 0.32 0.28 0.33 0.22 0.40 0.26 0.29 0.32 
X • 0 
2.5 0.27 0.36 
3.5 0.24 0.46 0.26 0.34 — 0.22 — 0.29 — —  — — —  —  — 0.30 
4.5 — —  —  —  — —  — — - — 0.33 0.22 —  —  0.29 0.33 0.29 0.33 — 
5.5 0.33 — 0.28 0.31 0.32 0.28 — — 0.23 — — — —  — 0.28 
6.5 — —  0.27 — — — — 
7.5 — —  — —  0.40 — —  0.32 
8.5 0.41 — —  0.47 — —  0.43 
9.5 — 0.51 
10.5 0.40 
Depth Transect 4A (Aug. 20) 
(ro) Stations 
1 2 3 4 5 
0.5 0.27 0.34 0.32 0.25 0.31 
1.5 0.27 —" — — —-
3.5 0.36 0.35 0.29 0.29 — 
4.5 —— —— —— 0.32 
5.5 0.45 0.28 0.33 — 
6.5 
7.5 
8.5 0.39 
9.5 
Transect 5A (Aug. 21) 
Stations 
1 2 3 4 5 
0.31 0.44 0.33 0.38 0.53 
— 0.48 — 0 « 47 — 
— 0.38 0.33 0.65 0.48 
0.34 — — 
0.38 0.48 
1.12 
Table 38. Saylorville Reservoir transect 
August 15-21, 1985 
. study field results for ammonia (as N) (mg/1). 
Depth Transect lA (Aug. 15) Transect 2A (Aug. 16) Transect 3A (Aug. 19) 
(m) Stations Stations Stations 
1 2 3 4 5 12 3 4 5 1 2 3 4 5 
0.5 
î ^ 
0.20 0.11 0.06 0.06 0.18 0.01 0.02 0.06 0.05 0.08 0.15 0.15 0.04 0.03 —-
i # D 
2.5 
3 5 
0.12 0.06 0.07 0.06 0.06 0.01 0.04 0.04 0.05 0.06 0.04 0.04 0.03 0.04 0.04 
4.5 0.09 0.07 0.08 0.08 0.14 0.01 0.02 0.05 0.05 0.04 0.06 0.03 0.03 0.05 0.05 
D . 3 
6.5 
7 R 
0.08 0.08 0.05 0.04 0.05 0.06 0.04 0.05 
8.5 
9.5 
10.5 
0.09 0.08 
0.09 
0.06 0.04 
Depth Transect 4A (Aug. 20) Transect 5A (Auq. 21) 
(m) Stations Stations 
1 2 3 4 5 12 3 4 5 
0.5 
1 c 
0.03 0.02 0.03 0.03 0.01 0.03 0.01 0.01 0.02 0.02 
2.5 
3 5 
0.03 0.03 0.03 — 0.02 0.02 0.06 0.01 0.04 0.02 
4.5 
5.5 
6.5 
7 R 
0.03 0.02 0.01 0.03 
0.01 
— 0.06 0.01 
0.03 0.02 
0.04 
0.03 
8.5 0.02 0.03 0.04 0.05 
Table 39. Saylorville Reservoir transect study field results for nitrite plus nitrate nitrogen 
(as N) (mg/1), August 15-21, 1985 
Depth Transect lA (Auq. 15) Transect 2A (Auq. 16) Transect 3A (Auq. 19) 
(m) Stations Stations Stations 
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
0.5 3.32 3.34 3.18 3.09 3.05 3.15 3.19 3.28 3.21 3.21 2.90 2.81 2.86 2.84 2.93 
2.5 
% c 
3.29 3.17 3.09 3.09 3.05 3.25 3.23 3.30 3.28 3.24 2.98 2.81 2.86 2.90 2.81 
0 # V 
4.5 
K K 
3.45 3.13 3.06 3.05 3.04 3.27 3.31 3.34 3.36 3.23 3.04 2.80 2.82 2.86 2.83 
6.5 
7 5 
3.09 2.99 3.35 3.35 3.32 3.16 2.69 2.89 
8.5 
9.5 
10.5 
3.08 3.04 
3.04 
3.28 3.32 2.97 
Depth 
(m) 
Transect 4A (Auq. 20) Transect 5A (Auq. 21) 
Stations Stations 
1 2 3 4 5 1 2 3 4 5 
0.5 
1 5 
2.78 2.90 2.78 2.76 2.75 2.56 2.63 2.68 2.69 2.38 
2.5 2.88 2.90 2.76 3.00 2.77 2.63 2.66 2.68 2.69 2.43 
3.5 —  —  — —  — —  2.82 — — — — 
4.5 2.92 2.86 2.83 2.86 — 2.63 2.63 2.64 2.53 
5.5 — 2.58 —— — 
6.5 2.85 2.60 2.52 2.56 
7.5 — — —  —  
8.5 2.83 2.47 2.52 
Table 40. Red Rock Reservoir transect study field results for temperature CO, July 12-14, 
1978 
Depth Transect WES-T-lft ^ Transect WES-T-2A Transect HES-T-3A 
(m) Stations (July 12) Stations (July 13) Stations (July 14) 
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
0.5 25.0 25.0 24.5 24.7 24.9 25.5 25.2 24.9 24.6 24.7 25.7 26.6 26.2 25.3 24.8 
1.5 25.0 25.0 24.5 24.8 24.9 24.0 25.5 24.8 24.8 24.5 24.8 25.2 25.2 24.3 24.6 
2.5 25.0 25.0 24.5 24.8 24.9 24.0 25.5 24.8 24.6 24.5 24.8 25.2 25.2 24.3 24.6 
3.5 25.0 24.7 24.5 24.7 25.0 22.8 24.0 24.6 24.2 24.3 24.4 24.3 24.2 23.7 23.8 
4.5 25.0 24.7 24.5 24.8 25.0 23.5 24.0 24.5 24.0 24.3 24.3 24.2 24.1 23.8 
5.5 25.0 24.7 24.5 24.8 25.0 23.8 24.2 24.1 24.2 
6.5 25.0 24.5 24.2 24.8 24.9 23.6 24.1 24.1 
7.5 24.5 24.8 23.6 24.0 24.0 
8.5 24.5 24.8 23.5 24.0 
9.5 24.5 24.8 23.5 
10.5 24.8 
Depth Transect WES-T-4A Transect WES-T-5A 
(m) Stations (July 14) Stations (July 13) 
0.5 25.2 25.2 25.6 25.4 25.1 25.0 25.7 26.0 25.8 25.5 
1.5 25.0 25.0 25.1 25.0 24.7 25.0 25.5 25.8 25.6 25.3 
2.5 24.8 23.9 24.3 24.3 24.5 24.1 25.3 25.7 25.6 25.3 
3.5 24.1 24.4 
4.5 24.4 
5.5 23.6 
Table 41. Red Rock Reservoir transect study field results for dissolved oxygen 
concentrations (mg/1), July 12-14, 1978 
Depth 
(m) 
Transect HES-T-IA Transect WES-T-2A Transect WES-T-3A 
Stations (July 12) Stations (July 13) Stations (July 14) 
12 3 4 5 12 3 4 5 12 3 4 5 
0.5 6.10 6.40 6.40 6.15 6.09 6.73 6.72 6.99 6.90 7.23 7.10 7.00 6.90 6.83 6.45 
1.5 6.15 6.35 6.45 6.10 6.08 6.50 6.52 6.70 6.95 7.10 6.61 6.68 6.58 6.50 5.99 
2.5 6.25 6.35 6.50 6.10 6.08 6.20 6.49 6.63 6.89 7.00 6.49 6.40 6.32 6.50 6.55 
3.5 6.20 6.40 6.50 6.12 6.09 6.05 6.05 6.41 6.80 6.85 6.33 6.04 5.85 6.32 6.50 
4.5 6.20 6.50 6.10 6.12 6.07 5.90 5.70 6.13 6.60 6.78 6.29 5.89 5.58 6.39 
5.5 6.15 6.50 6.15 6.10 6.05 6.48 5.99 5.75 
6.5 6.15 6.50 6.00 6.11 5.60 6.41 5.71 5.69 
7.5 6.50 6.11 6.35 5.30 5.40 
8.5 6.50 6.10 6.30 4.50 
9.5 6.40 5.99 6.30 
10.5 6.00 
Depth Transect MES-T-4A Transect WES-T-5A 
(m) Stations (July 14) Stations (July 13) 
12 3 4 5 12 3 4 5 
0.5 6.75 6.75 6.90 6.95 6.60 6.80 6.56 6.60 6.70 6.45 
1.5 6.60 6.55 6.45 6.35 5.90 6.70 6.52 6.59 6.60 6.41 
2.5 6.45 6.03 5.75 5.28 5.33 6.22 6.41 6.55 6.56 6.40 
3.5 4.90 5.25 
4.5 4.99 
5.5 4.85 
Table 42. Red Rock Reservoir transect study field results for temperature (°C), July 26-27, 
1978 
Depth Transect WES-T-1A Transect WES-T-2A Transect WES-T-•3A 
(m) Stations (July 26) Statlons (July 27) Stations (July 27) 
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
0.5 26.8 26.8 26.9 26.6 26.2 25.2 25.3 25.3 25.1 25.9 25.0 25.3 25.8 26.0 26 .5 
1.5 26.8 26.8 26.8 26.5 26.2 25.2 25.3 25.3 25.2 25.6 25.0 25.2 25.3 25.7 27 .0 
2.5 26.6 26.7 26.5 26.2 26.1 24.9 25.3 25.2 25.0 25.2 24.9 25.2 25.2 25.7 26 .5 
3.5 26.7 26.6 26.5 26.1 26.0 24.8 25.3 25.0 25.0 25.1 24.9 24.8 24.8 25.0 26 .0 
4.5 26.3 26.6 26.1 26.1 25.9 24.9 24.9 25.0 24.4 24.8 
5.5 25.3 25.9 25.5 26.1 25.8 24.8 25.0 24.7 24.8 
6.5 25.1 25.9 25.8 24.8 24.5 24.8 
7.5 24.9 25.2 24.8 24.5 24.3 
0.5 24.8 25.2 24.8 24.0 
9.5 24.6 25.1 24.6 
10.5 25.1 
Depth Transect WES-T-4A Transect WES-T-5A 
(ra) Stations (July 26) Stations (July 26) 
1 2 3 4 5 1 2 3 4 5 
0.5 27.2 27.2 29.0 27.1 26.3 28.2 28.0 28.1 28.5 28.0 
1.5 26.8 27.6 28.5 26.7 27.0 27.5 28.0 28.0 28.0 27.9 
2.5 27.0 28.5 29.0 26.4 25.9 27.8 
3.5 28.2 26.0 
4.5 26.0 
5.5 26.0 
Table 43. Red Rock Reservoir treinsect study field results for dissolved oxygen 
concentrations (mg/1), July 26-27, 1978 
Depth Transect WES-T-•lA Transect HES-T-2A Transect WES-T--3A 
(m) Stations (July 26) Stations (Julv 27) Stations (Julv 27) 
1 2 3 4 5 12 3 4 5 1 2 3 4 5 
0.5 6.59 6.65 6.75 6.75 6.67 6.87 6.95 7.50 7.30 6.86 6.90 6.89 6.75 7.10 7.50 
1.5 6.59 6.68 6.70 6.59 6.52 6.62 6.89 7.45 7.22 6.73 6.89 6.90 6.75 7.00 7.35 
2.5 6.61 6.59 6.61 6.32 6.49 6.45 6.95 7.25 6.85 6.80 6.25 6.92 6.72 7.15 7.20 
3.5 6.54 6.60 6.59 6.31 6.47 6.47 6.83 7.00 6.95 6.75 6.20 6.35 6.90 6.98 7.00 
4.5 5.98 6.15 6.20 6.27 6.35 6.15 6.90 6.72 6.05 5.98 
5.5 4.40 5.80 5.69 6.20 6.31 6.85 6.73 5.92 5.98 
6.5 4.75 5.95 6.05 6.85 5.75 5.65 
7.5 3.75 6.10 6.65 5.10 3.10 
8.5 3.20 6.09 6.50 2.40 
9.5 2.72 5.04 5.05 
10.5 5.03 
Depth Transect WES-T--4A Transect WES-T-5A 
(m) Stations (Julv 26) Stations (Julv 26) 
1 2 3 4 5 12 3 4 5 
0.5 6.40 6.85 5.95 5.83 6.30 6.60 6.25 6.40 6.08 6.20 
1.5 6.31 6.21 5.95 5.90 6.53 6.50 6.42 6.50 6.10 6.12 
2.5 6.02 6.25 6.00 6.00 6.25 6.12 
3.5 5.82 6.05 
4.5 6.05 
5.5 6.05 
Table 44. Red Rock Reservoir transect study field results for temperature (°C), August 
8-10, 1978 
Depth Transect MES-T--lA Transect MES-T-•2A Transect WES-T--3A 
(m) Stations (Auq. 9) Stations (Auq. 9) Stations (Auq. 9) 
12 3 4 5 1 2 3 4 5 1 2 3 4 5 
0.5 26.0 26.0 25.8 26.5 26.8 26.2 27.0 27.0 27.5 27.0 26.0 26.5 27.0 27 .2 28 .0 
1.5 25.0 25.3 25.2 25.5 26.0 25.5 25.3 26.0 27.5 27.0 25.3 25.2 25.6 25 .5 26 .5 
2.5 25.0 25.2 25.2 25.2 25.5 25.0 25.3 25.1 25.5 25.7 25.0 24.9 25.1 25 .2 25 .5 
3.5 25.0 25.2 25.0 25.1 25.2 25.0 25.0 25.5 25.0 25.2 24.6 24.5 24.0 24 .5 24 .8 
4.5 25.0 25.0 25.0 25.0 25.2 25.2 25.1 25.1 24.3 24.0 24 .2 
5.5 24.5 24.3 24.5 24.9 24.5 24.5 25.0 24.0 24.0 
6.5 24.0 24.5 24.0 24.0 23.9 23.9 
7.5 24.0 24.2 24.0 23.8 23.8 
8.5 24.0 24.2 24.0 23.6 
9.5 24.0 24.0 23.9 
10.5 24.0 
Depth Transect WES-T--4A Transect WES-T--5A 
(m) Stations (Auq. 10) Stations (Auq. 10) 
12 3 4 5 12 3 4 5 
0.5 25.2 25.4 26.3 26.2 26.0 25.8 25.7 26.0 25.5 26. 5 
1.5 25.2 25.5 26.0 26.2 26.3 25.8 25.8 26.1 25.5 26. 4 
2.5 25.0 25.5 26.5 26.0 26.0 26. 0 
3.5 26.0 26.0 
4.5 25.2 
5.5 25.2 
Table 45. Red Rock Reservoir transect study field results for dissolved oxygen 
concentrations (mg/1), August 8-10, 1978 
Depth Transect WES-T-IA Transect WES-T-2A Transect WES-T-3A 
(m) Stations (Aug. 9) Stations (Aug. 9) Stations (Aug. 9) 
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
0.5 8.78 9.30 9.20 9.60 10.8 9.80 11.9 12.2 14.2 14.2 9.90 13.4 14.4 16.4 17.8 
1.5 7.65 8.10 7.75 8.00 9.80 8.55 8.65 12.2 14.0 13.2 8.80 8.40 10.2 9.42 10.3 
2.5 7.40 7.45 7.60 7.80 8.80 7.55 8.55 12.2 9.80 11.1 8.00 7.80 8.60 8.55 9.30 
3.5 7.30 7.40 7.40 7.45 7.75 7.35 8.20 9.30 8.50 8.80 7.45 6.40 5.35 5.90 5.70 
4.5 7.20 6.80 6.95 7.30 7.55 8.70 8.50 8.65 5.85 5.30 4.30 
5.5 5.40 5.70 6.00 6.60 6.10 6.60 8.10 4.80 4.75 
6.5 5.35 5.90 5.30 5.60 4.45 4.40 
7.5 4.65 5.50 5.10 4.05 3.45 
8.5 4.00 5.30 4.90 2.40 
9.5 3.20 5.20 4.10 
10.5 5.00 
Depth Transect WES-T-4A 
(m) Stations (Aug. 10) 
1 2 3 4 5 
0.5 6.40 5.90 8.30 7.80 7.35 
1.5 6.00 5.80 8.05 7.80 7.35 
2.5 5.45 5.65 7.98 7.60 7.10 
3.5 7.60 6.35 
4.5 4.90 
5.5 2.40 
Transect WES-T-5A 
Stations (Aug. 10) 
1 2 3 4 5 
9.20 10.8 12.2 13.0 13.6 
9.15 10.7 12.4 12.8 13.4 
12.2 
Table 46. Red Rock Reservoir transect study field results for temperature (**0), August 23, 
1978 
Depth Transect WES-T-IA Transect WES-T-2A Transect WES-T-3A 
(ra) Stations Stations Stations 
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
0.5 24.6 24.3 24.6 24.6 24.8 25.1 25.1 25.1 25.1 25.1 26.0 25.2 25.2 25.2 25.2 
1.5 24.2 24.2 24.4 24.6 24.7 25.1 24.9 25.0 24.9 24.9 25.8 25.2 25.2 25.1 25.2 
2.5 24.2 24.3 24.2 24.2 24.3 25.1 25.0 25.0 24.9 24.6 25.8 25.2 25.2 25.1 25.2 
3.5 24.2 24.2 24.2 24.1 24.0 25.1 25.0 24.9 24.6 24.2 25.8 25.1 25.2 25.2 25.0 
4.5 24.1 24.2 24.1 24.0 24.0 24.9 24.9 24.8 24.2 24.2 25.6 25.3 24.8 
5.5 24.1 24.2 24.0 24.0 24.0 24.1 24.1 25.5 25.2 
6.5 24.1 24.0 24.0 24.0 25.5 25.2 
7.5 24.0 24.0 24.0 24.5 
8.5 24.0 24.0 24.0 24.5 
9.5 24.0 24.0 23.9 
10.5 23.9 
Depth Transect WES-T-4A Transect WES-T-5A 
(m) Stations Stations 
0.5 26.1 25.8 25.1 25.5 25.5 26.0 26.2 26.0 26.0 26.5 
1.5 26.1 25.8 25.2 25.3 25.5 26.5 26.2 26.0 26.0 26.5 
2.5 26.1 25.8 25.1 25.7 25.3 26.5 
3.5 25.1 25.0 
4.5 24.2 
5.5 24.1 
Table 47. Red Rock Reservoir transect study field results for dissolved oxygen 
concentrations (mg/1), August 23, 1978 
Depth Transect WES-T-lA Transect WES-T-2A Transect WES-T-3A 
(m) Stations Stations Stations 
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
0.5 5.40 5.32 5.75 6.00 6.25 6,30 6.30 6.35 6.35 6.23 6.80 6.58 6.70 7.05 7.10 
1.5 5.29 5.15 5.60 6.00 5.90 6.30 6.32 6.27 6.29 6.10 6.85 6.60 6.65 6.95 6.95 
2.5 5.25 5.10 5.58 5.65 5.15 6.20 6.15 6.22 6.05 5.65 6.82 6.55 6.65 6.98 6.93 
3.5 5.30 5.10 5.40 5.45 4.90 6.19 6.15 6.11 5.85 4.75 6.82 6.55 6.60 6.95 6.35 
4.5 5.35 5.10 5.40 5.40 4.85 6.15 6.05 5.85 5.25 7.65 6.82 6.55 5.70 
5.5 5.38 5.05 5.20 5.35 4.82 5.20 4.70 6.72 6.50 
6.5 4.75 5.30 4.80 5.15 6.50 6.48 
7.5 4.10 5.25 5.10 6.10 
8.5 3.75 5.10 4.95 5.00 
9.5 3.25 5.00 4.70 
10.5 4.49 
Depth Transect WES-T-4A Transect WES-T-5A 
(m) Stations Stations 
0.5 7.05 6.72 7.10 6.93 6.90 7.30 7.10 7.55 8.30 8.80 
1.5 7.02 6.72 6.95 6.90 6.85 7.40 7.15 7.50 8.20 8.75 
2.5 6.95 6.78 6.95 6.98 6.85 8.55 
3.5 6.90 5.90 
4.5 5.30 
5.5 5.30 
Table 48. Red Rock Reservoir transect study field results for temperature (°C), September 
9 ,  1978 
Depth Transect WES-T-IA Transect WES-T-2A Transect WES-T-3A 
(m) Stations Stations Stations 
1 2 3 4 5 1 2 3 4 5 _l 2 3 4 5 
0.5 26.0 25.6 25.1 24.9 24.8 27.1 27.8 27.7 26.6 26.3 29.0 29.0 29.1 27.3 28.4 
1.5 25.1 25.2 25.1 25.0 24.9 26.2 26.2 26.1 26.0 25.7 26.9 27.2 27.3 27.1 26.9 
2.5 25.0 25.1 25.0 24.9 24.9 25.9 25.8 25.5 25.4 25.4 25.4 26.0 26.0 26.3 26.3 
3.5 24.9 24.9 24.9 24.9 24.9 25.8 25.5 25.0 25.1 25.2 25.0 25.1 25.2 25.3 25.9 
4.5 24.8 24.8 24.7 24.5 24.5 25.0 24.5 24.8 24.9 24.8 24.7 25.0 
5.5 24.4 24.4 24.3 24.4 24.2 24.3 24.4 24.3 24.4 
6.5 24.1 24.3 24.0 24.0 24.0 24.2 
7.5 24.0 24.2 24.0 24.0 
8.5 23.9 24.0 23.9 23.9 
9.5 23.8 23.9 23.9 
10.5 23.8 
Depth Transect HES-T-4ft Transect WES-T-5A 
(m) Stations Stations 
2 
0.5 27.0 29.7 28.7 29.5 30.0 29.1 29.0 29.3 29.8 30.0 
1.5 26.0 26.6 26.5 27.0 27.8 27.5 27.2 27.5 27.8 27.0 
2.5 26.0 26.0 26.1 26.2 26.0 26.3 
3.5 25.9 25.9 
4.5 25.1 
5.5 24.9 
Table 49. Red Rock Reservoir transect study field results for dissolved oxygen 
concentrations (mg/1), September 9, 1978 
Depth 
(m) 
Transect HES-T-lA Transect WES-T-2A Transect WES-T-3A 
Stat ions Stations Stations 
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
0.5 10.2 9.30 8.29 6.65 6.25 14.1 15.1 15.6 13.2 11.3 20.4 18.7 17.0 16.5 15.4 
1.5 7.45 7.70 7.05 6.75 6.15 10.1 11.3 11.0 10.9 8.62 11.9 12.1 13.5 12.8 10.7 
2.5 6.45 6.90 6.52 6.20 6.05 7.95 8.95 9.87 8.10 6.95 6.50 5.73 8.45 7.85 8.78 
3.5 5.10 4.68 5.05 4.85 5.95 6.61 7.21 5.97 7.30 5.52 4.75 1.45 1.70 2.20 9.00 
4.5 5.20 4.05 4.15 3.90 5.80 9.27 5.17 4.31 2.83 3.65 2.17 1.65 
5.5 3.95 3.85 4.05 3.90 3.30 3.20 2.51 2.00 2.05 
6.5 3.10 4.00 3.50 2.65 1.50 1.50 
7.5 2.56 3.60 1.95 1.25 
8.5 2.29 2.95 1.75 0.85 
9.5 1.80 2.45 1.55 
10.5 1.90 
Depth Transect WES-T-4A 
(ra) Stations 
1 2 3 4 5 
0.5 16.6 17.8 18.3 20.9 19.8 
1.5 10.2 10.3 8.65 12.6 8.00 
2.5 4.00 5.25 5.30 4.87 3.90 
3.5 4.25 2.60 
4.5 1.50 
5.5 0.85 
Transect WES-T-5A 
Stations 
1 2 3 4 5 
13.8 14.4 18.8 18.3 22.6 
10.2 9.50 9.15 8.90 5.80 
2.45 
178 
Table 50. Red Rock Reservoir transect study field results for dissolved 
oxygen concentrations (mg/l), February 9-10, 1979 
Depth Transect WES-T-lA Transect WES-T-2A 
(a) Stations Stations 
1 2 3 4 5 1 2 3 4 5 
0.5 — — 13.15 10.40 — 13.90 14.20 13.30 11.00 10.20 
1.5 - 13.05 8.20 - 12.10 13.80 13.45 12.70 7.70 
2.5 - — 8.60 8.05 - 11.90 12.60 10.50 11.75 7.70 
3.5 — — 11.90 9.38 - 14.10 8.50 11.40 10.80 — 
4.5 - - 10.50 9.30 — 14.60 8.10 - 9.70 -
5.5 - - 8.50 8.40 - - 8.70 
6.5 - - 12.50 7.90 - - 8.58 
7.5 - 7.68 7.35 
8.5 — 6.90 6.00 
9,5 - 7.00 4.75 
10.5 6.75 
Depth Transect WES-T-3A Transect WES-T-4A 
(m) Stations Stations 
1 2 3 4 5 1 2 3 4 5 
0.5 14.15 13.30 12.85 7.00 6.60 10.90 7.90 6.60 6.70 — 
1.5 13.30 12.85 9.45 7.60 6.30 10.50 7.80 6.30 6.37 6.40 
2.5 11.25 10.65 11.30 7.15 6.25 11.00 9.20 - 6.30 6.25 
3.5 9.65 9.37 12.90 1.70 6.00 - 5.20 
4.5 9.25 8348 10.20 5.31 5.20 
5.5 8.90 8.75 4.40 
6.5 7.80 8.10 4.90 
7.5 5.00 5.95 
8.5 - 3.88 
9.5 — 
Depth Transect WES-T-5A 
(m) Stations 
1 2 3 4 5 
0.5 6.55 6.55 6.65 7.00 6.90 
1.5 4.79 6.70 6.49 6.69 6.57 
2.5 — — — — 
Table 51. Red Rock Reservoir transect study field results for total phosphate (as PO,,) 
concentrations (mg/1), February 9-10, 1979 
Depth Transect WES-T-•lA Transect WES-T-2A Transect WES-T--3A 
(m) Stations Stations Stations 
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
0.5 0.79 1.11 0.88 0.94 1.12 0.87 0.84 0.69 0.82 1.29 0.83 0.67 1.09 1.35 1.75 
1.5 0.79 1.20 0.85 1.62 1.30 0.88 0.63 0.69 0.77 1.45 0.63 0.63 0.89 1.60 1.83 
2.5 0.90 1.14 0.93 0.35 1.81 1.23 0.71 0.70 0.78 1.52 0.75 0.77 0.75 1.53 1.89 
3.5 0.92 0.93 1.00 1.57 1.65 1.15 0.99 0.89 0.87 1.18 0.85 1.14 0.82 1.01 2.09 
4.5 0.98 1.31 0.98 1.33 1.44 1.44 0.95 0.95 0.85 - 0.75 0.84 0.90 1.65 
5.5 0.98 0.98 1.02 1.11 1.55 1.55 0.99 0.80 1.00 
6.5 1.05 1.08 1.03 1.12 1.63 1.63 0.95 1.00 0.84 
7.5 1.05 1.19 1.12 1.19 1.21 
8.5 1.13 1.18 1.13 - 1.35 
9.5 1.14 1.18 1.36 
10.5 1.19 
Depth Transect WES-T--4A Transect WES-T-5A 
(m) Stations Stations 
1 2 3 4 5 1 2 3 4 5 
0.5 1.06 1.46 1.75 1.87 1.23 1.55 2.10 2.12 2.25 1.93 
1.5 1.03 1.41 1.80 1.83 1.59 1.66 2.02 2.08 2.01 2.04 
2.5 0.84 0.98 1.75 1.74 1.72 1.57 2.05 1.90 1.95 
3.5 1.40 1.76 
4.5 1.56 
5.5 1.66 
Table 52. Red Rock Reservoir transect study field results for water temperature {°C), 
June 6-7, 1979 
Depth Transect WES-T-lA Transect WES-T-2A Transect WES-T-•3ft 
(m) Stations (June 6) Stations (June 6) Stations (June 7) 
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
0.5 20.7 20.8 20.4 20.5 19.8 20.8 20.4 20.1 19.9 20.2 21.7 21.2 20.7 21.0 21.1 
1.5 20.6 20.8 20.7 20.5 19.7 20.8 20.4 20.1 19.9 19.9 21.7 21.2 20.7 20.9 21.0 
2.5 20.6 20.8 20.7 20.5 19.7 20.8 20.4 20.1 19.9 19.9 21.7 21.1 20.7 20.9 20.9 
3.5 20.6 20.6 20.6 20.5 19.6 20.6 20.4 20.1 19.9 19.8 21.7 21.0 20.7 20.8 20.8 
4.5 20.5 20.5 20.6 20.3 19.4 20.6 20.4 20.1 19.8 19.7 21.4 20.8 20.7 20.7 20.6 
5.5 20.5 20.4 20.6 19.7 19.2 20.6 20.3 20.1 19.8 19.3 21.3 20.7 20.7 20.6 20.6 
6.5 20.3 20.1 19.3 19.4 18.7 20.8 20.3 20.0 19.8 18.6 21.3 20.7 20.7 20.6 20.5 
7.5 19.6 19.4 19.0 19.2 18.5 20.8 20.3 20.0 19.7 18.5 21.2 20.6 20.6 20.5 20.4 
8.5 19.3 19.0 18.8 18.8 18.1 20.7 20.3 20.0 19.1 18.3 21.2 20.0 20.5 20.2 19.5 
9.5 18.6 18.4 18.5 18.4 17.4 20.6 19.8 19.6 17.8 17.7 21.1 17.8 19.0 18.9 17.7 
10.5 18.3 17.7 17.7 17.9 16.6 18.1 18.5 18.1 17.7 17.0 21.0 16.7 17.5 17.7 17.2 
11.5 17.8 17.0 16.7 17.0 16.4 16.1 16.2 17.0 17.0 16.7 18.8 16.3 16.6 16.6 16.6 
12.5 17.2 16.6 16.2 16.8 16.3 15.8 16.0 16.6 16.4 16.4 16.5 16.2 16.1 16.3 16.6 
13.5 17.0 16.2 16.4 16.3 16.3 16.1 16.2 16.3 16.3 16.1 
14.5 16.3 16.0 16.1 16.2 16.2 16.1 16.3 16.1 
15.5 15.9 16.1 16.1 16.0 16.0 
16.5 15.8 16.1 16.1 15.9 
17.5 15.7 16.1 16.0 
18.5 
19.5 
15.2 16.0 
15.9 
T^le 52 (continued) 
Depth Transect WES-T-4A 
(m) Stations (June 7) 
1 2 3 4 5 
0.5 21.7 21.0 21.6 21.2 22.1 
1.5 21,6 21.8 21.6 21.2 22.0 
2.5 21.6 21.7 21.6 21.2 22.0 
3.5 21.6 21.6 21.5 21.2 22.0 
4.5 21.6 21.4 21.4 21.1 22.0 
5.5 21.5 21.3 21.3 21.1 21.9 
6.5 21.5 21.1 21.1 21.0 21.7 
7.5 21.4 21.0 21.0 21.0 21.6 
8.5 21.4 20.6 21.8 20.8 21.5 
9.5 20.0 18.8 20.0 19.0 19.4 
10.5 17.6 17.4 17.5 17.6 18.5 
11.5 16.9 17.2 17.2 17.2 18.3 
12.5 17.7 
13.5 17.7 
Transect WKS-T-5A 
Stations (June 7) 
1 2 3 4 5 
22 .3 22 .4 22 .0 21 .6 21 .4 
22 .2 22 .3 21 .9 21 .6 21 .2 
22 .0 22 .2 21 .8 21 .6 20 .9 
21 .7 22 .0 21 .6 21 .5 20 .8 
21 .1 21 .5 21 .4 21 .1 20 .6 
21 .0 21 .0 21 .1 20 .6 20 .5 
20 .7 20 .6 20 .6 20 .4 20 .4 
20 .6 20 .5 20 .5 20 .3 20 .4 
20 .5 20 .5 20 .3 20 .2 19 .6 
20 .2 18 .9 18 .8 19 .0 18 .1 
16 .9 17 .1 17 .1 17 .4 17 
17 
.1 
.1 
Table 53. Red Rock Reservoir transect study field results for dissolved oxygen concentrations 
(mg/1), June 6-7, 1979 
Depth 
(m) 
Transect WES-T-•lA Transect WES-T-2A Transect MES-T-•3A 
Stations (June 6) Stations (June 6) Statlons (June 7) 
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
0.5 7.93 8.03 8.00 7.94 8.01 8.25 8.35 7.90 8.50 7.99 8.25 7.56 7.62 7.70 7.78 
1.5 7.97 7.94 8.00 7.89 7.96 8.25 8.40 7.88 8.50 7.99 8.18 7.56 7.64 7.67 7.78 
2.5 7.97 7.94 8.00 7.94 7.96 8.25 8.40 7.88 8.50 7.99 8.16 7.59 7.64 7.67 7.78 
3.5 8.06 7.94 8.00 7.89 7.96 8.25 8.42 7.88 8.50 7.99 8.18 7.62 7.64 7.67 7.76 
4.5 8.01 7.90 7.99 7.89 7.92 8.25 8.42 7.88 8.50 7.99 8.18 7.62 7.69 7.66 7.70 
5.5 8.01 7.86 7.96 7.85 7.78 8.25 8.42 7.88 8.50 7.99 6.21 7.59 7.69 7.62 7.71 
6.5 7.97 7.83 7.66 7.80 7.64 8.20 8.42 7.88 8.50 7.55 8.21 7.59 7.66 7.58 7.71 
7.5 7.65 7.60 8.04 7.99 7.20 8.20 8.42 7.88 8.50 7.24 8.25 7.57 7.66 7.55 7.33 
8.5 7.97 7.73 7.83 7.53 6.81 8.20 8.45 7.88 7.80 7.06 8.32 7.54 7.64 7,35 6.02 
9.5 7.42 7.30 7.54 6.71 6.54 8.00 8.30 7.88 7.25 6.14 8.32 6.04 6.83 7.24 3.70 
10.5 7.19 7.13 6.70 6.21 6.18 6.85 7.60 6.42 6.95 4.20 8.28 5.19 6.37 4.89 3.31 
11.5 5.97 6.40 5.14 5.84 4.20 2.70 3.30 5.30 6.75 4.03 6.87 2.26 2.89 3.00 2.92 
12.5 5.24 5.23 3.76 5.12 3.73 1.35 2.80 4.68 4.25 3.54 3.27 2.17 2.14 2.82 2.60 
13.5 4.42 3.94 3.50 3.71 3.42 3.88 3.45 3.47 2.40 1.90 
14.5 3.87 3.04 3.25 3.62 3.33 3.15 2.32 1.81 
15.5 3.04 2.80 3.05 1.61 1.59 
16.5 2.96 2.75 2.30 0.60 
17.5 2.53 2.71 2.20 
18.5 1.15 2.71 
19.5 2.71 
Table 53 (continued) 
Depth Transect V1ES-T-4A 
(m) Stations (June 7) 
_1 2 3 4 5_ 
0.5 8.12 7.96 8.33 7.83 7.98 
1.5 8.12 7.85 8.37 7.83 7.96 
2.5 8.12 7.90 8.40 7.92 7.96 
3.5 8.12 7.98 8.46 8.01 7.96 
4.5 8.12 8.07 8.50 8.10 7.96 
5.5 8.08 8.03 8.50 8.03 7.96 
6.5 8.08 7.56 8.14 7.80 7.90 
7.5 8.08 7.40 7.88 7.78 7.98 
8.5 7.15 6.89 7.79 7.74 7.81 
9.5 6.64 3.20 7.22 3.74 4.07 
10.5 2.84 2.61 2.87 2.74 3.90 
11.5 1.52 2.19 2.57 2.55 3.63 
12.5 3.37 
13.5 3.07 
Transect HES-T-5A 
Stations (June 7) 
1 2 _3 4 5 
8.78 8.80 8.56 9.44 9.26 
8.65 8.76 8.46 9.04 9.17 
8.34 8.72 8.51 8.89 8.80 
8.13 8.32 8.53 8.85 8.49 
7.82 8.11 8.27 8.17 8.19 
7.56 7.79 8.07 7.89 8.13 
7.65 7.87 8.22 7.63 7.83 
7.61 7.87 8.07 7.37 7.68 
7.35 7.64 7.93 7.14 7.01 
6.17 6.01 6.21 6.40 6.20 
1.56 3.74 2.49 2.83 2.42 
2.42 
Table 54, Red Rock Reservoir transect study field results for total phosphate (as PO^) (mg/1), 
June 6-7, 1979 
Depth Transect WES-T-•lA Transect WES-T-•2A Transect WES-T-3A 
(ra) Stations (June 6) Stations (June 6) Stations (June 7) 
1 2 3 4 5 1 2 . 3 4 5 1 2 3 4 5 
0.5 0.21 0.13 0.16 0.07 0.05 0.11 0.19 0.14 0.15 0.16 0.05 0.13 0.17 0.07 0.12 
1.5 0.23 0.18 0.12 0.06 0.06 0.15 0.13 0.14 0.14 0.11 0.06 0.11 0.12 0.09 0.08 
2.5 0.24 0.17 0.16 0.03 0.09 0.14 0.13 0.18 0.10 0.11 0.06 0.12 0.11 - 0.09 
3.5 0.16 0.12 0.15 0.07 0.15 0.20 0.10 0.15 0.08 0.15 0.05 - 0.09 0.11 0.07 
4.5 0.17 0.11 0.15 0.11 0.14 0.18 0.16 0.13 0.12 0.13 0.05 0.11 0.06 0.15 0.03 
5.5 0.23 0.11 0.14 0.04 0.19 0.17 0.15 0.15 0.07 0.09 0.05 0.13 0.14 0.07 0.07 
6.5 0.18 0.13 0.15 0.10 0.17 0.15 0.12 0.16 0.12 0.09 0.04 0.25 0.12 0.07 0.07 
7.5 0.20 0.11 0.14 0.08 0.18 0.13 0.15 0.15 0.17 0.14 0.05 0.10 0.14 0.15 0.10 
8.5 0.21 0.20 0.20 0.12 0.23 0.14 0.14 0.16 0.15 0.16 0.05 0.08 0.12 0.10 0.04 
9.5 0.24 0.13 0.21 0.22 0.26 0.16 0.18 0.13 0.22 0.22 0.06 0.13 0.16 0.12 0.08 
10.5 0.27 0.21 0.32 0.26 0.32 0.26 0.24 0.31 0.31 0.29 0.06 0.10 0.16 0.16 0.14 
11.5 0.33 0.32 0.48 0.30 0.42 0.61 0.19 0.43 0.36 0.38 0.09 0.42 0.12 0.27 0.13 
12.5 0.41 0.33 0.54 0.37 0.51 0.66 0.61 0.39 0.39 0.41 0.20 0.29 0.38 0.28 0.26 
13.5 0.57 0.47 0.62 0.39 0.49 0.64 0.49 0.48 0.22 0.33 
14.5 0.49 0.51 0.50 0.46 0.47 0.51 0.21 0.21 
15.5 0.48 0.53 0.53 0.47 0.48 
16.5 0.51 0.53 0.68 2.05 
17.5 0.66 0.55 0.68 
18.5 
19.5 
0.81 0.51 
0.50 
Table 54 (continued) 
Depth Transect HES-T-4A 
(m) Stations (June 7) 
1 2 3 4 5 
0.5 0.09 0.07 0.12 0.17 0.13 
1.5 0.11 0.11 0.10 0.26 0.13 
2.5 0.12 0.06 0.11 0.25 0.22 
3.5 0.52 0.14 0.24 0.13 1.14 
4.5 0.14 0.11 0.20 0.09 0.37 
5.5 0.15 0.07 0.11 0.11 0.15 
6.5 0.23 0.09 0.13 0.12 0.13 
7.5 0.20 0.10 0.09 0.11 0.14 
8.5 0.26 0.20 0.21 0.26 0.12 
9.5 0.19 0.11 0.09 0.14 0.14 
10.5 0.22 0.09 0.12 0.12 0.17 
11.5 0.43 0.18 0.44 0.45 0.36 
12.5 0.30 
13.5 0.27 
Transect HES-T-5A 
Stations (June 7) 
1 2 3 4 5 
0.15 0.19 0.15 0.06 0.06 
0.17 2.05 0.13 0.09 0.11 
0.16 0.23 0.13 0.11 0.11 
0.13 0.13 0.09 0.04 0.06 
0.10 0.08 0.14 0.09 0.08 
0.07 0.09 0.10 0.88 0.07 
0.06 0.07 0.06 0.08 0.06 
1.21 0.07 0.03 0.10 0.06 
0.12 0.07 0.12 0.09 0.05 
0.10 0.12 0.12 0.08 0.09 
0.23 0.13 0.06 0.10 0.05 
0.08 
Table 55. Red Rock Reservoir transect study field results for water temperature (®C), 
July 11-12, 1979 
Depth 
(m) 
Transect WES-T-lA 
Stations 
Transect WES-T-2A 
Stations 
1 2 3 4 5 1 2 3 4 5 
0.5 26.2 27.0 25.7 26.1 25.8 26.6 26.3 26.1 26.3 26.2 
1.5 24.9 25.8 - 25.0 24.9 25.9 25.2 25.6 25.2 25.2 
2.5 24.1 24.0 24.3 24.2 24.3 24.8 24.0 24.2 24.0 24.5 
3.5 23.8 24.0 24.1 24.1 24.1 24.8 23.7 23.8 23.4 23.8 
4.5 23.6 23.8 23.9 24.0 24.0 23.2 22.9 23.1 23.0 23.2 
5.5 23.2 23.5 23.8 23.5 23.9 22.2 22.6 22.3 22.8 22.9 
6.5 23.0 23.6 23.2 23.0 22.8 22.0 22.0 22.5 22.7 
7.5 22.5 22.7 22.9 22.8 22.5 22.3 22.3 
8.5 22.0 22.5 22.3 22.5 22.2 
9.5 22.0 22.1 22.3 22.2 
10.5 21.8 22.0 22.0 
11.5 21.8 22.0 21.9 
12.5 22.0 
Depth Transect WES-T-4A Transect WES-T-5A 
(m) Stations Stations 
1 2 _3 .J _5 1 2 3 4 _5 
0.5 25.9 25.6 25.8 25.7 26.0 26.2 26.1 26.0 26.1 26.1 
1.5 25.8 25.5 25.5 25.6 26.0 26.2 26.1 26.1 26.1 26.2 
2.5 25.8 25.5 25.4 25.7 25.6 26.2 26.0 26.1 26.7 26.0 
3.5 25.7 25.5 25.4 25.0 25.0 24.9 25.8 25.9 25.0 25.9 
4.5 25.1 24.0 24.3 24.3 24.8 24.9 24.9 
5.5 23.7 23.8 24.1 23.5 
6.5 23.3 
7.5 22.8 
Transect WES-T-3A 
Stations 
1 2 4 5 
26.5 26 .6 26,3 26.0 25 .7 
26.5 26 .6 26.2 25.9 25 .5 
26.5 26 .3 26.0 25.2 24 .7 
25.6 26 .1 23.8 23.8 23 .0 
23.5 23 .0 23.0 22.4 22 .2 
22.8 22 .8 22.2 22.2 22 .0 
22.2 22 .3 22.1 22.1 22 .0 
22.2 22 .2 
22.1 22 .0 
22.0 21 .8 
Table 56. Red Rock Reservoir transect study field results for dissolved 
oxygen concentrations (mg/1), July 11-12, 1979 
Depth Transect WES -T-IA Transect WES -T-2A Transect WES -T-3A 
(m) Stations Stations Stations 
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
0.5 8.52 9.34 8.86 ; 10.40 9.19 10.02 11.44 10.89 11.02 9.52 10.76 8.28 9.17 9.41 9.09 
1.5 6.70 8.59 - 8.24 7.72 7.68 8.02 7.82 9.88 7.35 10.00 7.82 9.21 9.18 8.65 
2.5 5.71 6.18 6.45 6.13 6.50 5.97 6.41 6.16 6.25 6.12 9.63 7.48 8.49 8.48 6.52 
3.5 5.64 5.81 6.29 6.47 6.19 5.16 5.64 5.73 4.94 4.97 9.25 6.97 4.38 4.83 3.56 
4.5 5.42 5.44 5.79 6.51 4.55 4.75 4.07 3.95 4.16 4.58 5.02 3.88 3.60 2.82 2.45 
5.5 5.23 5.19 5.63 5.35 4.18 2.16 2.49 3.15 3.81 3.89 2.71 2.66 2.47 2.62 2.21 
6.5 5.17 4.55 4.89 3.79 3.92 1.41 2,31 3.80 3.72 2.51 2.66 2.45 2.59 2.07 
7.5 4.09 4.05 4.18 3.24 3.47 3.65 2.72 2.37 2.32 
8.5 2.34 3.03 2.52 3.26 3.29 1.50 1.86 
9.5 1.64 2.23 2.68 2.72 0.83 0.90 
10.5 1.06 2.17 2.12 
11.5 0.68 2.12 1.28 
12.5 1.33 
Depth Transect WES -T-4A Transect WES -T-5A 
(m) Stations Stations 
1 2 3 4 5 1 2 3 4 5 
0.5 8.76 8.62 9.24 9.73 11.18 9.81 10.44 9.69 9.54 10.91 
1.5 7.74 8.16 9.11 8.91 9.92 9.26 7.69 9.06 7.99 9.87 
2.5 7.36 7.86 8.40 8.47 8.13 9.81 6.47 8.78 7.88 9.40 
3.5 7.04 7.45 8.40 6.06 6.61 4.87 6.63 8.75 8.22 9.00 
4.5 5.96 3.18 3.94 5.08 6.54 5.01 6.05 
5.5 1.76 2.64 3.64 4.58 
6.5 3.65 
7.5 2.05 
Table 57. Red Rock Reservoir transect study field results for total phosphate (as PO^) 
concentrations (mg/1), July 11-12, 1979 
Depth Transect WES-T-•lA Transect WES-T-2h Transect WES-T-•3A 
(m) Stations Stations Stations 
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
0.5 0.37 0,28 0.25 0,38 0,40 0.19 0.38 0.39 0.38 0.40 0.40 0.40 0.47 0,39 0,54 
1.5 0.37 0.27 - 0.18 0.38 0.37 0.37 0.40 0.36 0.37 0.39 0.44 0.34 0.41 0.40 
2,5 0.13 0.30 0,15 0.41 0.37 0.42 0.42 0.40 0.40 0.46 0.39 0.55 0.42 0.41 0.43 
3.5 0.29 0,31 0.22 0.38 0.38 0.46 0.40 0.38 0.44 0.43 0.41 0.41 0.42 0.48 0.39 
4.5 0.33 0.28 0.38 0.38 0.44 0.39 0.50 0.38 0.43 0.48 0.48 0.40 0.48 0.54 0.43 
5.5 0.27 0.07 0.18 0.41 0.35 0.46 0.42 0.54 0.38 0.49 0.60 0,47 0.51 0.46 0.50 
6.5 0.10 0.35 0.20 0.30 0.47 0.54 0.48 0.48 0.50 0.52 0.43 0.55 0.56 0.50 
7.5 0.17 0.43 0.47 0.45 0.40 0.45 0,59 0.54 0,43 
8.5 0.46 0.50 0.51 0.22 0.40 0.50 0.53 
9.5 0.52 0.53 0.23 0.53 0.56 0.54 
10.5 0.65 0.56 0.63 0.60 
11.5 0.69 0.56 0.62 
12.5 0.62 
Depth Transect WES-T--4A Transect WES-T--5A 
(tn) Stations Stations 
1 2 3 4 5 1 2 3 4 5 
0.5 0.27 0.45 0.49 0.48 0.20 0.13 0.40 0.48 0.36 0.26 
1.5 0.46 0.41 0.43 0.47 0.39 0.17 0.36 0.26 0.19 0.21 
2.5 0.52 0.41 0.23 0.53 0.48 0.32 0.43 0.18 0.39 0.30 
3,5 0.42 0.26 0.33 0.58 0.52 0.24 0.16 0.27 0.41 0.53 
4.5 0.42 0.34 0.53 0.75 0.44 0.53 0.68 0.28 0.48 
5.5 0.60 0.32 0.56 0.36 
6.5 0.55 
7.5 0.51 
Table 58. Red Rock Reservoir transect study field results for water temperature (°C), 
August 9-10, 1979 
Depth Transect WES-T-lA Transect WES-T-•2A Transect WES-T--3A 
(m) Stations Stations Stations 
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
0.5 29.1 28.7 28.6 28.7 28.4 30.1 28.9 28.7 28.7 28.4 28.5 28.5 29.0 29 .0 29 .0 
1.5 29.0 28.5 28.4 28.6 28.4 30.0 29.0 28.7 28.7 28.4 28.5 29.0 29.0 29 .0 29 .0 
2.5 28.9 28.4 28.3 28.5 28.4 29.2 29.0 28.7 28.7 28.4 28.0 29.0 28.5 29 .0 29 .0 
3.5 28.8 28.4 28.3 28.5 28.4 28.9 29.0 28.7 28.6 28.4 28.0 28.5 28.0 29 .0 27 .5 
4.5 28.7 28.4 28.2 28.5 28.3 28.7 28.9 28.5 28.6 28.4 28.0 29.0 28.0 27 .5 
5.5 28.7 28.4 28.2 28.4 28.3 28.5 27.0 27.5 28.0 
6.5 28.7 28.3 28.0 28.3 28.2 28.0 27.0 27.5 
7.5 28.4 27.1 28.3 27.6 26.4 25.5 27.0 
8.5 27.4 28.2 26.4 26.0 
9.5 26.8 28.0 26.0 
10.5 27.6 
Depth Transect WES-T--4A Transect WES-T--5A 
(nt) Stations Stations 
1 2 3 4 5 1 2 3 4 5 
0.5 29.5 29.0 29.0 29.5 29.5 29.7 29.0 28.3 28.5 28.7 
1.5 29.5 29.0 29.5 29.5 29.5 29.5 29.0 28.3 28.5 28.7 
2.5 29.5 29.0 29.5 29.5 29.0 29.5 29.0 28.3 28.5 28.5 
3.5 29.5 29.0 29.5 28.5 28.5 
4.5 27.5 
5.5 27.5 
Table 59. Red Rock Reservoir transect study field results for dissolved oxygen (mg/1), 
August 9-10, 1979 
Depth Transect WES-T-•lA Transect WES-T-•2A Transect WES-T--3A 
(m) Stations Stations Stations 
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
0.5 7.10 6.30 6.00 6.40 6.10 8.10 7.40 6.60 6.40 5.80 8.10 7.70 7.50 7.70 7.30 
1.5 7.20 6.30 5.90 6.30 6.00 8.00 7.40 6.60 6.30 5.60 8.00 7.60 7.40 7.70 7.20 
2.5 7.10 6.30 6.00 6.10 6.00 7.20 7.30 6.50 6.30 5.70 7.90 7.60 7.60 7.60 7.00 
3.5 7.10 6.30 5.90 6.10 6.00 6.70 7.30 6.50 6.30 5.70 7.70 6.90 7.50 7.40 2.50 
4.5 6.90 6.30 5.90 6.00 6.00 6.70 7.10 6.40 6.20 5.60 3.40 7.10 7.20 2.00 
5.5 6.90 6.30 5.60 5.90 5.90 6.10 1.40 3.20 5.30 
6.5 6.80 6.30 4.80 5.80 5.70 4.00 1.00 1.90 
7.5 6.30 1.50 5.70 3.80 0.10 0.10 1.10 
8.5 6.20 5.20 0.00 
9.5 0.50 4.40 0.00 
10.5 3.80 
Depth Transect WES-T--4A Transect WES-T--5A 
(m) Stations Stations 
1 2 3 4 5 1 2 3 4 5 
0.5 7.70 6.70 7.40 8.20 7.80 8.30 8.50 6.60 7.20 7.00 
1.5 7.70 6.70 7.80 8.20 7.70 8.30 8.50 6.60 6.60 6.60 
2.5 7.60 6.60 7.80 8.20 6.40 7.92 8.40 6.50 6.60 6.30 
3.5 7.60 6.60 7.70 6.20 6.30 
4.5 2.50 
5.5 2.20 
Table 60. Red Rock Reservoir transect study field results for total phosphate (as PO^) (mg/1), 
August 9-10, 1979 
Depth Transect WES-T-•lA Transect WES-T-2A Transect WES-T--3A 
(m) Stations Stations Stations 
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
0.5 0.76 1.04 0.86 0.77 0.79 0.93 0.81 0.87 0.74 0.72 0.69 0.66 0.70 0.75 0.85 
1.5 - 0.77 0.78 0.79 0.80 0.98 0.67 0.76 0.70 0.67 0.67 0.59 0.69 0.77 0.79 
2.5 0.88 0.76 0.78 0.77 0.64 1.13 0.85 0.79 0.75 0.66 0.66 0.80 0.68 0.77 0.78 
3.5 0.80 0.73 0.87 0.76 0.84 1.01 0.84 0.85 0.72 0.66 0.65 0.62 0.74 0.78 0.92 
4.5 0.77 0.76 0.85 0.84 0.82 0.86 0.87 0.83 0.72 0.70 0.75 0.58 0.60 0.90 
5.5 0.94 0.73 0.78 0.93 0.66 0.81 0.84 0.85 0.64 
6.5 0.98 0.75 0.77 0.98 0.79 0.93 0.83 0.77 
7.5 0.74 0.81 0.89 0.78 0.74 0.98 
8.5 0.90 0.87 0.76 0.69 
9.5 0.86 0.70 0.69 
10.5 1.18 
Depth Transect WES-T--4A Transect WES-T--5A 
(m) Stations Stations 
1 2 3 4 5 1 2 3 4 5 
0.5 1.12 1.08 0.88 0.90 0.66 1.05 1.07 1.12 1.15 1.10 
1.5 0.97 1.12 0.91 - 0.86 0.98 1.17 1.23 1.33 1.08 
2.5 1.05 1.20 0.85 0.85 1.15 1.02 1.15 1.24 1.25 1.10 
3.5 1.08 0.93 1.17 
Table 61. Red Rock Reservoir transect study field results for water temperature (®C), 
September 9, 1979 
Depth Transect WES-T-IA Transect WES-T-2A 
(m)  Stat ions Stations 
1 2 3 4 5 1 2 3 4 5 
0.5 23.5 23.8 23.5 24.0 23.9 23.8 24.0 24.0 24.3 24.4 
1.5 23.5 23.8 23.8 24.0 23.9 23.8 24.0 24.0 24.3 24.3 
2.5 23.5 23.8 23.8 24.0 23.9 23.5 23.9 24.0 24.4 24.3 
3.5 23.5 23.8 23.8 24.0 23.9 23.2 23.8 24.0 24.1 24.1 
4.5 23.5 23.6 23.5 23.6 23.8 24.0 23.9 22.8 23.4 24.0 
5.5 23.5 23.6 23.8 24.0 23.9 23.2 23.9 23.7 
6.5 23.5 23.7 23.8 24.0 23.9 23.7 
7.5 23.8 24.0 23.0 
8.5 23.0 24.0 22.7 
9.5 22.5 24.0 22.1 
10.5 22.0 23.5 
11.5 23,0 
Depth Transect WES-T-4A Transect WES-T-5ft 
(m) Stations Stations 
1 2 3 4 5 1 2 3 4 5 
0.5 23.5 23.8 24.0 24.2 24.2 23.6 23.8 24.6 24.4 24.4 
1.5 23.5 23.8 24.0 24.2 24.0 23.3 23.7 24.4 24.2 24.4 
2.5 23.5 23.6 24.0 24.0 24.0 22.9 23.7 24.4 24.0 24.1 
3.5 23.5 23.6 23.5 24.0 24.0 24.0 
4.5 23.9 
5.5 23.5 
6.5 23.2 
Transect WES-T-3A 
Stations 
1 2 3 4 5 
24 .2 24 .3 24 .5 24 .2 24 .5 
23 .8 23 .8 23 .8 24 .0 24 .0 
23 .6 23 .6 23 .6 23 .6 23 .8 
23 .4 23 .5 23 .6 23 .6 23 .5 
24 .0 23 .8 23 .4 23 .5 23 .6 
23.0 23.4 
22.4 22.8 
23.6 22.6 
22.0  
22.0  
Table 62. Red Rock Reservoir transect s+udy field results for dissolved oxygen (mg/1), 
September 9, 1979 
Depth Transect WES-T-•lA Transect WES-T-2A Transect WES-T--3A 
(m) Stations Stations Stations 
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
0.5 7.05 7.15 6.82 7.28 7.40 7.40 7.60 7.65 7.90 7.87 7.90 7.95 7.50 7.35 7.93 
1.5 7.07 7.12 6.84 7.28 7.30 7.25 7.05 7.64 7.75 7.80 7.35 7.37 6.87 6.85 6.83 
2.5 7.08 7.10 7.00 7.28 7.30 6.85 6.35 7.61 7.62 7.73 7.00 7.05 6.70 6.80 6.05 
3.5 7.10 7.10 7.00 7.18 7.30 6.65 6.10 7.45 7.60 7.45 6.80 6.85 6.75 6.80 6.83 
4.5 7.12 7,08 7.00 7.18 7.30 6.25 5.85 7.20 7.50 7.43 6.40 6.65 7.75 6.80 5.70 
5.5 7.14 6.75 7.00 7.02 7.30 5.45 7.17 7.00 5.65 6.30 
6.5 6.98 6.65 6.40 6.95 7.30 7.02 5.12 6.45 
7.5 5.90 6.82 7.30 5.46 4.75 4.80 
8.5 5.05 6.77 5.06 3.35 
9.5 4.65 6.24 4.15 3.20 
10.5 4.07 5.98 
11.5 4.90 
Depth Transect WES-T--4A Transect WES-T--5A 
<m) St at ions Stations 
1 2 3 4 5 1 2 3 4 5 
0.5 6.85 7.43 8.00 8.35 7.50 7.60 7.45 7.30 7.05 7.10 
1.5 6.75 7.43 7.85 7.25 7.50 7.40 7.30 7.25 7.00 7.10 
2.5 6.75 7.34 7.75 7.15 7.30 7.10 7.30 7.20 7.00 7.05 
3.5 6.84 7.25 6.85 8.00 7.30 6.80 
4.5 6.65 
5.5 6.60 
6.5 6.56 
Table 63. Red Rock Reservoir transect study field results for total phosphate (as PO^) (mg/1), 
September 9, 1979 
Depth Transect WES-T-•lA Transect WES-T-2A Transect WES-T--3A 
(m) Stations Stations Stations 
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
0.5 0.73 0.74 0.70 0.68 0.54 0.88 0.79 0.89 0.71 0.66 0.73 0.74 0.67 0.66 0.68 
1.5 0.75 0.75 0.71 0.73 0.61 0.85 0.70 0.72 0.71 0.61 0.67 0.70 0.69 0.66 0.73 
2.5 0.71 0.77 0.75 0.74 0.58 0.68 1.35 0.74 0.72 0.62 0.55 0.69 0.58 0.67 0.60 
3.5 0.77 0.77 0.73 0.70 0.62 0.87 0.81 0.71 0.64 0.69 0.77 0.70 0.73 0.72 0.66 
4.5 0.75 0.62 0.80 0.71 0.59 0.77 0.83 0.67 0.71 0.67 0.66 0.65 0.74 0.66 0.61 
5.5 0.75 0.62 0.80 0.71 0.59 0.83 0.72 0.64 0.67 0.72 
6.5 0.75 0.61 0.73 0.70 0.64 0.67 0.75 0.79 
7.5 0.73 0.70 0.66 0.76 0.67 0.72 
8.5 0.72 0.69 0.71 0.69 
9.5 0.70 0.72 0.71 0.75 
10.5 0.76 0.80 
11.5 0.58 
Depth Transect WES-T--4A Transect WES-T--5A 
(m) Stations Stations 
1 2 3 4 5 1 2 3 4 5 
0.5 0.70 0.76 0.75 0.67 0.67 0.62 0.34 0.65 0.51 0.82 
1.5 0.73 0.75 0.25 0.71 0.68 0.57 0.75 0.44 0.70 0.77 
2.5 0.76 0.76 0.69 0.53 0.71 0.75 0.62 0.62 0.76 0.72 
3.5 0.82 0.75 0.70 0.62 0.70 0.80 
4.5 0.77 
5.5 0.74 
6.5 0.71 
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Table 64. Monthly average concentrations (mg/l) of ammonia nitrogen (as 
N) at station 1 
Year Jan Feb Mar Apr Way Jun Jul Aug Sep Oct 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1.78 0.80 0.70 0.50 0.42 0.32 
0.44 0.47 0.96 0.35 0.47 0.37 
1.07 0.89 0.63 0.33 0.84 0.33 
0.99 1.10 0.81 0.36 0.33 0.41 
0.66 1.74 0.98 0.14 0.24 0.36 
0.48 0.15 0.35 0.12 0.10 0.09 
0.49 0.37 0.22 0.34 0.17 0.11 
1.37 1.39 1.12 0.53 0.13 0.13 
0.63 0.21 0.45 0.08 0.09 0.09 
7.46 9.07 1.59 0.07 0.11 0.11 
0.77 1.03 1.08 0.18 0.08 0.16 
1.42 1.57 1.04 0.31 0.11 0.10 
0.25 0.57 0.91 0.06 0.06 0.10 
0.51 0.10 0.24 0.14 0.15 0.11 
0.95 1.13 0.45 0.13 0.30 0.13 
0.16 0.56 0.05 0.01 0.10 0.08 
0.35 0.37 0.22 0.10 0.14 0.13 
0.33 0.71 0.37 0.06 0.03 0.04 
Table 65. Twelve-month moving averages of the concentrations (mg/l) of 
ammonia nitrogen (as N) at Station 1 
Year Dec/ Jan/ Feb/ Mar/ Apr/ May/ Jun/ Jul/ Aug/ Sep/ Oct/ Nov/ 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1968 0.56 0.54 0.54 0.52 0.54 0.53 0.53 0.41 0.39 0.41 0.40 0.40 
1969 0.40 0.41 0.40 0.40 0.37 0.37 0.39 0.44 0.48 0.45 0.45 0.48 
1970 0.47 0.46 0.48 0.49 0.49 0.50 0.52 0.51 0.53 0.54 0.55 0.50 
1971 0.51 0.51 0.49 0.48 0.48 0.49 0.47 0.44 0.49 0.51 0.49 0.48 
1972 0.48 0.49 0.49 0.49 0.49 0.46 0.46 0.44 0.31 0.26 0.25 0.24 
1973 0.22 0.20 0.19 0.19 0.19 0.19 0.18 0.19 0.20 0.19 0.21 0.22 
1974 0.22 0.22 0.23 0.22 0.25 0.25 0.25 0.33 0.41 0.49 0.50 0.50 
1975 0.50 0.50 0.49 0.48 0.46 0.47 0.51 0.45 0.35 0.29 0.25 0.25 
1976 0.25 0.24 0.24 0.24 0.24 0.29 0.51 1.08 1.81 1.91 1.91 1.91 
1977 1.91 1.91 1.92 1.92 1.91 1.85 1.62 1.06 0.39 0.35 0.36 0.36 
1978 0.36 0.37 0.36 0.37 0.37 0.36 0.36 0.41 0.46 0.45 0.47 0.47 
1979 0.46 0.46 0.46 0.45 0.45 0.45 0.42 0.32 0.24 0.23 0.20 0.20 
1980 0.20 0.21 0.20 0.21 0.21 0.21 0.22 0.24 0.20 0.14 0.15 0.16 
1981 0.16 0.16 0.16 0.16 0.16 0.19 0.21 0.25 0.33 0.35 0.35 0.36 
1982 0.36 0.37 0.37 0.37 0.37 0.35 0.33 0.26 0.22 0.18 0.17 0.16 
1983 0.15 0.15 0.14 0.15 0.15 0.14 0.15 0.17 0.15 0.17 0.17 0.18 
1984 0.18 0.18 0.17 — —— . — 
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Table 66. Monthly average concentrations (mg/1) of ammmia nitrogen (as 
N) at Station 5 
Yeaf OâQ- Eeb, Mar Apr May Jun 
1967 —— — —  — — — — 
1968 0.49 0.31 0.38 0.39 0.30 0.36 
1969 0.38 0.31 0.86 0.32 0.40 0.35 
1970 0.99 0.81 0.48 0.19 0.82 0.17 
1971 0.63 0.89 0.63 0.25 0.34 0.36 
1972 0.41 1.44 1.15 0.25 0.23 0.31 
1973 0.42 0.14 0.26 0.09 0.09 0.15 
1974 0.44 0.33 0.24 0.27 0.13 0.17 
1975 0.81 1.07 0.87 0.37 0.13 0.12 
1976 0.33 0.09 0.34 0.09 0.10 0.10 
1977 3.19 4.52 1.52 0.08 0.31 0.10 
1978 0.39 0.48 0.61 0.36 0.16 0.31 
1979 0.88 1.09 0.93 0.53 0.18 0.45 
1980 0.08 0.22 0.56 0.15 0.22 0.34 
1981 0.62 0.45 0.40 0.60 0.58 0.53 
1982 0.47 0.90 0.61 0.20 0.24 0.15 
1983 0.09 0.61 0.09 0.08 0.18 0.20 
1984 0.23 0.37 0.24 0.13 0.13 0.16 
1985 0.25 0.45 0.11 0.07 0.11 0.06 
jM. Aug Sep Oct Nov DS£_ 
0.53 0.26 0.46 0.21 0.27 0.24 
0.24 0.17 0,11 0.33 0.25 0.22 
0.35 0.29 0.13 0.28 0.24 0.31 
0.13 0.42 0.19 0.13 0.20 0.36 
0.27 0.33 0.15 0.14 0.51 0.25 
0.38 0.23 0.20 0.07 0.10 0.28 
0.11 0.11 0.20 0.12 0.08 0.19 
0.18 0.17 0.15 0.18 0.17 0.25 
0.13 0.09 0.09 0.23 0.07 0.31 
0.07 0.10 0.06 0.05 0.18 1.01 
0.14 0.20 0.16 0.13 0.12 0.18 
0.33 0.30 0.24 0.28 0.11 0.36 
0.33 0.15 0.09 0.14 0.09 0.06 
0.19 0.24 0.12 0.29 0.14 0.22 
0.24 0.10 0.14 0.11 0.12 0.20 
0.16 0.17 0.12 0.22 0.09 0.10 
0.19 0.33 0.23 0.15 0.18 0.10 
0.17 0.13 — 0.03 0.17 0.08 
Table 67. Twelve-month moving averages of the ccmcentrations (mg/1) of 
ammonia nitrogen (as N) at Station 5 
Year Dec/ Jan/ Feb/ Mar/ Apr/ May/ Jun/ Jul/ Aug/ Sep/ Oct/ Nov/ 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1968 0.35 0.33 0.32 0.29 0.30 0.30 0.30 0.29 0.29 0.33 0.32 0.33 
1969 0.33 0.34 0.35 0.35 0.35 0.34 0.35 0.40 0.44 0.41 0.40 0.44 
1970 0.42 0.40 0.41 0.42 0.41 0.40 0.41 0.38 0.38 0.40 0.40 0.36 
1971 0.38 0.39 0.38 0.38 0.38 0.41 0.40 0.38 0.42 0.47 0.47 0.46 
1972 0.45 0.46 0.45 0.46 0.45 0.42 0.42 0.42 0.31 0.24 0.23 0.21 
1973 0.20 0.18 0.17 0.17 0.17 0.17 0.16 0.17 0.18 0.18 0.19 0.20 
1974 0.20 0.21 0.21 0.21 0.21 0.22 0.22 0.25 0.32 0.37 0.38 0.38 
1975 0.37 0.37 0.36 0.36 0.36 0.35 0.36 0.32 0.24 0.19 0.17 0.17 
1976 0.16 0.16 0.16 0.16 0.14 0.15 0.21 0.45 0.82 0.92 0.92 0.93 
1977 0.93 0.94 0.95 0.96 0.96 0.96 0.89 0.65 0.32 0.24 0.27 0.25 
1978 0.27 0.29 0.29 0.30 0.31 0.31 0.33 0.37 0.42 0.45 0.46 0.46 
1979 0.47 0.47 0.46 0.45 0.44 0.44 0.41 0.34 0.27 0.24 0.21 0.21 
1980 0.20 0.19 0.20 0.20 0.21 0.22 0.23 0.28 0.30 0.28 0.32 0.35 
1981 0.37 0.37 0.36 0.36 0.34 0.34 0.34 0.33 0.37 0.38 0.35 0.32 
1982 0.29 0.28 0.29 0.29 0.30 0.29 0.29 0.25 0.23 0.19 0.18 0.17 
1983 0.18 0.18 0.19 0.20 0.20 0.20 0.20 0.21 0.19 0.21 0.21 0.21 
1984 0.20 0.20 0.19 0.18 0.17 0.17 0.17 0.17 0.18 0.17 0.16 0.16 
1985 0.15 
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Table 68. Monthly average concentrations (mg/1) of ammonia nitrogen (as 
N) at Station 6 
Year Jan Feb Mar Apr May Jun Aug Sep Oct Nov Dec 
1971 — HI — — —— — — — 0.68 1.06 1.05 0.80 0.83 
1972 1.33 2.64 1.24 0.28 0.33 0.33 0.53 0.30 0.37 0.08 0.11 0.45 
1973 0.60 0.13 0.32 0.13 0.28 0.11 0.16 0.23 0.38 0.11 0.17 0.16 
1974 0.48 0.36 0.33 0.20 0.23 0.19 0.28 0.39 0.85 0.76 0.68 1.73 
1975 1.19 1.53 1.21 0.41 0.21 0.17 0.23 0.50 0.66 1.23 0.90 0.92 
1976 1.58 1.04 0.37 0.13 0.14 0.09 0.26 0.77 1.48 1.83 2.00 7.12 
1977 15.3214.81 2.70 1.36 1.89 3.12 4.96 2.84 0.59 0.36 0.56 0.81 
1978 1.46 2.01 1.40 0.47 0.28 0.32 0.37 0.52 0.43 0.47 0.61 0.86 
1979 2.45 2.68 1.13 0.50 0.22 0.40 0.27 0.17 0.19 0.27 0.21 0.15 
1980 0.42 0.69 0.77 0.16 0.30 0.28 0.31 0.41 0.43 0.83 1.00 1.33 
1981 2.37 2.08 1.63 1.34 1.15 0.66 0.39 0.39 0.84 0.83 0.72 0.85 
1982 2.28 1.74 0.67 0.27 0.28 0.22 0.25 0.44 0.32 0.32 0.13 0.19 
1983 0.20 0.68 0.14 0.06 0.12 0.21 0.19 0.43 0.66 0.38 0.29 0.32 
1984 0.72 0.55 0.28 0.13 0.19 0.18 0.15 0.18 —— 0.73 0.41 0.85 
1985 0.64 0.84 0.49 0.17 0.12 0.29 0.61 — — — — — 
Table 69. Twelve-month moving averages of the ccmcentrations (rag/1) of 
ammonia nitrogen (as N) at Statical 6 
Year Dec/ Jan/ Feb/ Mar/ Apr/ May/ Jun/ Jul/ Aug/ Sep/ Oct/ Nov/ 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1972 — 0.93 0.89 0.84 0.76 0.70 0.67 0.61 0.40 0.32 0.31 0.30 
1973 0.28 0.25 0.25 0.25 0.25 0.26 0.23 0.22 0.24 0.24 0.25 0.24 
1974 0.25 0.26 0.27 0.31 0.37 0.41 0.54 0.60 0.70 0.77 0.79 0.79 
1975 0.78 0.78 0.79 0.77 0.81 0.83 0.76 0.80 0.76 0.69 0.66 0.66 
1976 0.65 0.65 0.67 0.74 0.79 0.88 1.40 2.55 3.69 3.89 3.99 4.14 
1977 4.39 4.78 4.95 4.88 4.76 4.64 4.11 2.96 1.89 1.78 1.71 1.57 
1978 1.34 0.96 0.76 0.75 0.76 0.76 0.77 0.85 0.91 0.88 0.89 0.88 
1979 0.89 0.88 0.85 0.83 0.81 0.78 0.72 0.55 0.39 0.36 0.33 0.33 
1980 0.32 0.33 0.35 0.37 0.41 0.48 0.58 0.74 0.86 0.93 1.03 1.10 
1981 1.13 1.14 1.13 1.17 1.17 1.14 1.10 1.10 1.07 0.99 0.90 0.83 
1982 0.79 0.78 0.78 0.74 0.70 0.65 0.59 0.42 0.33 0.29 0.27 0.26 
1983 0.26 0.25 0.25 0.28 0.28 0.30 0.31 0.35 0.34 0.35 0.36 0.36 
1984 0.36 0.36 0.34 0.32 0.35 0.36 0.40 0.39 0.42 0.43 0.44 0.43 
1985 0.44 0.48 
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Table 70. Monthly average c(xicentrations (og/1) of ammœia nitrogen (as 
N) at Station 9 
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Deç_ 
1971 — • — — —— — — 0.27 0.38 0.16 0.21 0.50 0.23 
1972 0.56 1.46 1.60 0.35 0.40 0.45 0.55 0.17 0.25 0.06 0.15 0.40 
1973 0.46 0.21 0.35 0.11 0.13 0.27 0.18 0.14 0.15 0.13 0.13 0.25 
1974 0.55 0.42 0.31 0.21 0.27 0.12 0.13 0.17 0.16 0.23 0.18 0.35 
1975 0.60 1.15 1.21 0.47 0.23 0.23 0.11 0.10 0.13 0.18 0.30 0.31 
1976 0.84 0.38 0.40 0.25 0.22 0.28 0.11 0.09 0.06 0.07 0.08 0.94 
1977 1.93 3.22 1.15 0.92 0.67 0.24 0.10 0.19 0.07 0.11 0.18 0.36 
1978 0.63 1.19 1.34 0.52 0.19 0.25 0.13 0.16 0.15 0.16 0.13 0.40 
1979 1.05 1.35 1.13 0.60 0.18 0.34 0.23 0.13 0.09 0.18 0.16 0.06 
1980 0.14 0.53 0.63 0.20 0.22 0.28 0.07 0.11 0.07 0.12 0.12 0.10 
1981 1.23 1.53 0.50 0.82 0.60 0.37 0.20 0.13 0.18 0.08 0.16 0.12 
1982 0.76 0.28 0.71 0.30 0.28 0.17 0.17 0.20 0.10 0.31 0.23 0.21 
1983 0.22 0.57 0.10 0.08 0.12 0.32 0.22 0.26 0.22 0.21 0.26 0.25 
1984 0.52 0.63 0.28 0.16 0.15 0.17 0.12 0.11 —— 0.12 0.27 0.25 
1985 0.48 0.79 0.47 0.16 0.06 0.15 
Table 71. Twelve-month moving averages of the concentrations (mg/1) of 
ammonia nitrogen (as N) at Station 9 
Year Dec/ Jan/ Feb/ Mar/ Apr/ May/ Jun/ Jul/ Aug/ Sep/ Oct/ Nov/ 
Jan Feb Mar Apr Jun Jul Aug Sep Oct Nov Dec 
1972 0.55 0.57 0.55 0.56 0.55 0.52 0.53 0.53 0.42 0.32 0.30 0.27 
1973 0.26 0.23 0.23 0.22 0.22 0.22 0.21 0.22 0.23 0.23 0.24 0.25 
1974 0.24 0.23 0.24 0.24 0.25 0.25 0.26 0.26 0.32 0.40 0.42 0.42 
1975 0.43 0.42 0.42 0.42 0.41 0.42 0.42 0.44 0.37 0.31 0.29 0.29 
1976 0.29 0.29 0.29 0.29 0.28 0.26 0.31 0.40 0.64 0.70 0.76 0.79 
1977 0.79 0.79 0.80 0.80 0.80 0.81 0.76 0.65 0.48 0.50 0.47 0.43 
1978 0.43 0.43 0.43 0.43 0.44 0.43 0.44 0.47 0.49 0.47 0.48 0.47 
1979 0.48 0.49 0.49 0.48 0.48 0.49 0.46 0.38 0.31 0.27 0.24 0.24 
1980 0.24 0.22 0.22 0.22 0.22 0.21 0.22 0.31 0.39 0.38 0.43 0.46 
1981 0.47 0.48 0.48 0.49 0.49 0.49 0.49 0.45 0.35 0.37 0.32 0.30 
1982 0.28 0.28 0.28 0.28 0.30 0.30 0.31 0.27 0.29 0.24 0.22 0.21 
1983 0.22 0.22 0.23 0.24 0.23 0.23 0.24 0.26 0.27 0.28 0.29 0.29 
1984 0.28 0.27 0.26 0.26 0.25 0.25 0.25 0.25 0.26 0.28 0.28 0.27 
1985 0.27 
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Table 72. Monthly average concentrations (og/l) of ammonia nitrogen (as 
N) at Station 10 
Year Jan Feb Mar tor Mav Jun Jul Aug Sep Oct Nov Dec 
1972 ____ _ __ _ ____ 0.18 0.14 0.10 0.09 0.20 
1973 0.52 0.32 0.62 0.15 0.11 0.11 0.11 0.09 0.18 0.13 0.12 0.28 
1974 0.24 0.32 0.31 0.26 0.26 0.15 0.18 0.21 0.15 0.15 0.21 0.61 
1975 0.95 1.11 1.01 0.41 0.17 0.14 0.14 0.14 0.17 0.10 0.25 0.59 
1976 0.63 0.50 0.23 0.09 0.08 0.09 0.06 0.07 0.06 0.05 0.24 1.13 
1977 1.60 2.45 1.09 0.14 0.15 0.19 0.18 0.12 0.06 0.09 0.15 0.37 
1978 0.48 0.50 1.28 0.37 0.12 0.16 0.12 0.08 0.18 0.07 0.12 0.24 
1979 0.52 0.58 1.19 0.32 0.10 0.10 0.09 0.08 0.04 0.06 0.11 0.26 
1980 0.21 0.48 0.79 0.05 0.05 0.08 0.06 0.09 0.05 0.06 0.04 0.18 
1981 0.30 0.73 0.19 0.16 0.16 0.17 0.15 0.21 0.12 0.07 0.14 0.23 
1982 0.47 0.75 0.65 0.16 0.24 0.30 0.14 0.22 0.10 0.14 0.08 0.09 
1983 0.10 0.65 0.21 0.01 0.07 0.16 0.16 0.17 0.19 0.10 0.15 0.12 
1984 0.36 0.42 0.15 0.12 0.14 0.14 0.09 0.04 — 0.03 0.07 0.08 
1985 0.33 0.49 0.29 0.04 0.02 0.06 0.02 
Table 73. Twelve-month moving averages of the concentrations (mg/1) of 
ammonia nitrogen (as N) at Station 10 
Year Dec/ Jan/ Feb/ Mar/ Apr/ May/ Jun/ Jul/ Aug/ Sep/ Oct/ Nov/ 
Jan Feb Mar Apr Max- Jun m_ AUÇL Sep Oct Nov Dec 
1973 — 0.22 0.21 0.22 0.22 0.22 0.23 0.21 0.21 0.18 0.19 0.20 
1974 0.20 0.21 0.22 0.22 0.22 0.23 0.25 0.31 0.38 0.44 0.45 0.44 
1975 0.44 0.44 0.43 0.43 0.43 0.43 0.43 0.41 0.35 0.29 0.26 0.26 
1976 0.25 0.24 0.24 0.23 0.23 0.22 0.27 0.35 0.51 0.58 0.59 0.59 
1977 0.60 0.61 0.62 0.62 0.62 0.61 0.55 0.46 0.29 0.31 0.33 0.33 
1978 0.32 0.32 0.32 0.33 0.32 0.32 0.31 0.31 0.32 0.31 0.31 0.31 
1979 0.30 0.30 0.30 0.29 0.29 0.29 0.29 0.26 0.25 0.22 0.20 0.19 
1980 0.19 0.19 0.19 0.19 0.19 0.19 0.18 0.19 0.21 0.16 0.17 0.18 
1981 0.18 0.19 0.20 0.21 0.21 0.22 0.22 0.23 0.24 0.27 0.27 0.28 
1982 0.29 0.29 0.29 0.29 0.30 0.29 0.28 0.25 0.24 0.20 0.19 0.18 
1983 0.16 0.17 0.16 0.17 0.17 0.17 0.17 0.20 0.18 0.17 0.18 0.19 
1984 0.19 0.18 0.17 0.17 0.16 0.15 0.15 0.15 0.15 0.16 0.16 0.15 
1985 0.14 0.14 
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Table 74. Monthly average concentrations (mg/1) of orthogAospAate (as 
PO,,) at Station 1 
Year Jan Mar Apr May Jyn_ Jul Aug_ Sep Oct HSSL Bg£_ 
1967 — —  — — —  — — — 0.24 0.18 0.11 0.12 0.19 0.95 
1968 1.93 1.40 0.65 0.16 0.04 0.33 0.23 0.11 0.08 0.77 0.39 0.44 
1969 0.37 1.49 1.14 0.40 0.25 0.31 0.51 0.23 0.08 0.08 0.08 0.30 
1970 0.85 0.83 0.48 0.28 0.18 0.20 0.08 0.15 0.18 0.45 0.56 0.65 
1971 1.00 1.30 0.76 0.28 0.05 0.20 0.25 0.23 0.43 0.06 0.68 0.62 
1972 0.93 1.45 1.03 0.10 0.33 0.26 0.33 0.26 0.30 0.50 0.36 0.70 
1973 0.88 0.60 0.60 0.43 0.42 0.28 0.38 0.12 0.13 0.60 0.46 0.43 
1974 0.54 0.73 0.45 0.26 0.30 0.35 0.15 0.07 0.00 0.10 0.37 0.37 
1975 1.30 1.65 1.00 0.65 0.30 0.40 0.17 0.10 0.20 0.00 0.25 0.70 
1976 1.00 0.90 0.55 0.15 0.15 0.00 0.05 0.16 0.06 0.04 0.55 1.48 
1977 3.59 4.24 0.98 0.24 0.03 0.35 0.16 0.28 0.16 0.18 0.33 0.56 
1978 1.06 1.49 1.03 0.33 0.04 0.44 0.56 0.16 0.39 0.18 0.19 0.57 
1979 1.34 1.30 1.35 0.61 0.18 0.37 0.42 0.54 0.49 0.36 0.32 0.28 
1980 0.38 0.72 0.61 0.26 0.10 0.41 0.09 0.33 0.32 0.13 0.09 0.18 
1981 0.67 0.86 0.17 0.05 0.10 0.46 0.64 0.30 0.21 0.12 — — 
1983 — — 0.22 0.47 0.15 0.21 0.27 0.45 0.40 
1984 0.48 0.91 0.50 0.29 0.45 0.31 0.42 0.05 — 0.00 0.28 0.30 
1985 0.80 — — — 0.21 0.20 
Table 75. Twelve-month moving averages of the concentraticms (mg/1) of 
ortho#x)sphate (as PO#,) at Station 1 
Year Dec/ Jan/ Feb/ Mar/ Apr/ May/ Jun/ Jul/ Aug/ Sep/ Oct/ Nov/ 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1968 0.53 0.52 0.52 0.52 0.57 0.59 0.54 0.41 0.42 0.46 0;48 0.50 
1969 0.50 0.52 0.53 0.53 0.47 0.45 0.44 0.48 0.42 0.37 0.36 0.35 
1970 0.34 0.31 0.30 0.31 0.34 0.38 0.41 0.42 0.46 0.48 0.48 0.47 
1971 0.47 0.49 0.49 0.51 0.48 0.49 0.49 0.48 0.50 0.52 0.50 0.53 
1972 0.53 0.54 0.54 0.53 0.57 0.54 0.55 0.54 0.47 0.44 0.46 0.47 
1973 0.47 0.48 0.46 0.45 0.46 0.47 0.44 0.42 0.43 0.41 0.40 0.39 
1974 0.40 0.38 0.37 0.36 0.32 0.31 0.31 0.37 0.45 0.49 0.53 0.53 
1975 0.53 0.53 0.53 0.55 0.54 0.53 0.56 0.54 0.47 0.44 0.39 0.38 
1976 0.35 0.34 0.34 0.33 0.33 0.36 0.42 0.64 0.92 0.95 0.96 0.95 
1977 0.98 0.99 1.00 1.01 1.02 1.00 0.93 0.71 0.49 0.49 0.50 0.50 
1978 0.51 0.54 0.53 0.55 0.55 0.54 0.54 0.56 0.54 0.57 0.59 0.61 
1979 0.60 0.59 0.62 0.63 0.64 0.65 0.63 0.55 0.50 0.44 0.41 0.40 
1980 0.41 0.38 0.36 0.35 0.33 0.31 0.30 0.33 0.34 0.30 0.28 0.28 
1981 0.29 0.33 0.33 0.32 0.32 
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Table 76. Monthly average concentrations (mg/1) of orthophospAate (as 
POi,) at Station 5 
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1967 — — — — — — 0.23 0*12 0.09 0.17 0.13 0.28 
1968 0.51 0.74 0.33 0,20 0.00 0.29 0.16 0.12 0.04 0.58 0.44 0.51 
1969 0.68 1.48 1.24 0.40 0.30 0.34 0.46 0.10 0.03 0.12 0.05 0.28 
1970 0.75 0.80 0.45 0.23 0.16 0.20 0.00 0.25 0.10 0.13 0.42 0.60 
1971 0.87 1.50 0.68 0.23 O.OO 0.22 0.25 0.18 0.28 0.12 0.65 0.68 
1972 0.80 1.25 0.93 0.16 0.28 0.28 0.28 0.28 0.25 0.53 0.42 0.58 
1973 0.90 0.50 0.52 0.40 0.34 0.33 0.25 0.15 0.10 0.63 0.42 0.47 
1974 0.54 0.67 0.45 0.32 0.28 0.38 0.13 0.07 0.05 0.05 0.33 0.23 
1975 0.95 1.00 0.90 0.60 0.30 0.40 0.17 0.10 0.35 0.05 0.30 0.53 
1976 0.60 0.40 0,47 0.10 0.10 0.05 0.05 0.12 0.07 0.07 0.04 0.80 
1977 1.11 1.06 0.79 0.08 0.51 0.49 0.39 0.43 0.51 0.33 0.17 0.13 
1978 0.48 0.69 0.64 0.32 0.05 0.14 0.47 0.33 0.32 0.40 0.10 0.19 
1979 0.47 0.62 0.77 0.82 0.25 0.18 0.31 0.45 0.62 0.46 0.38 0.21 
1980 0.17 0.40 0.54 0.34 0.10 0.38 0.31 0.20 0.32 0.28 0.15 0.09 
1981 0.17 0.17 0.09 0.13 0.11 0.28 0.56 0.42 0.20 0.25 — — 
1983 _ _ — — ~ 0.17 0.47 0.34 0.48 0.30 0.38 0.35 
1984 0.39 0.64 0.61 0.36 0.31 0.38 0.40 0.24 — 0.19 0.22 0.24 
1985 0.35 — — — 0.24 0.24 
Table 77. Twelve-month moving averages of the concentrations (mg/1) of 
orthophosphate (as PO,,) at Station 5 
Year Dec/ Jan/ Feb/ Mar/ Apr/ May/ Jun/ Jul/ Aug/ Sep/ Oct/ Nov/ 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1968 0.27 0.26 0.26 0.26 0.29 0.32 0.34 0.34 0.40 0.48 0.50 0.52 
1969 0.52 0.55 0.55 0.55 0.51 0.48 0.46 0.46 0.41 0.34 0.33 0.31 
1970 0.30 0.26 0.28 0.28 0.28 0.31 0.34 0.35 0.41 0.43 0.43 0.42 
1971 0.42 0.44 0.43 0.45 0.45 0.47 0.47 0.47 0.45 0.47 0.46 0.48 
1972 0.49 0.49 0.50 0.50 0.53 0.51 0.50 0.51 0.45 0.42 0.44 0.44 
1973 0.44 0.44 0.43 0.42 0.43 0.43 0.42 0.39 0.40 0.40 0.39 0.38 
1974 0.39 0.38 0.37 0.37 0.32 0.31 0.29 0.33 0.35 0.39 0.41 0.42 
1975 0.42 0.42 0.42 0.45 0.45 0.45 0.47 0.44 0.39 0.36 0.31 0.30 
1976 0.27 0.26 0.26 0.24 0.24 0.22 0.24 0.28 0.34 0.36 0.36 0.40 
1977 0.43 0.46 0.49 0.52 0.55 0.56 0.50 0.45 0.42 0.40 0.42 0.39 
1978 0.36 0.36 0.36 0.34 0.35 0.34 0.34 0.34 0.34 0.35 0.39 0.41 
1979 0.41 0.40 0.41 0.43 0.44 0.46 0.46 0.44 0.42 0.40 0.36 0.35 
1980 0.36 0.36 0.34 0.32 0.30 0.28 0.27 0.27 0.25 0.22 0.20 0.20 
1981 0.19 0.21 0.23 0.22 0.22 
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Table 78. Monthly average concentrations (mg/1) of orthophosphate (as 
PO,,) at Station 6 
Iea& a§D_ Mar Apr Ma%_ Aug Sep Oct Nov Dgc_ 
1971 — — — — —  — —'— 0.10 1.20 1.83 2.28 0.65 1.16 
1972 2.13 2.95 0.95 0.56 0.45 0.46 0.45 0.38 0.40 0.63 0.46 0.85 
1973 0.90 0.50 0.54 0.43 0.42 0.50 0.30 0.50 0.60 0.73 0.70 0.60 
1974 0.76 0.83 0.55 0.44 0.38 0.45 0.33 0.27 1.30 1.10 1.20 1.70 
1975 1.85 2.25 1.35 0.60 0.45 0.50 0.30 1.30 1.45 1.75 2.00 1.57 
1976 2.85 2.60 0.57 0.35 0.20 0.20 0.35 1.91 3.53 2.95 3.66 7.68 
1977 11.02 14.68 2.29 1.25 3.06 3.86 8.27 3.50 1.07 0.72 0.72 0.92 
1978 1.54 2.02 1.10 0.43 0.32 0.34 0.65 0.44 0.50 0.74 0.73 0.92 
1979 1.63 1.85 0.96 0.79 0.37 0.27 0.49 0.57 0.70 0.59 0.49 0.53 
1980 0.62 0.99 0.71 0.41 0.13 0.47 0.84 0.53 0.75 0.98 0.74 0.90 
1981 1.68 1.05 1.32 1.04 0.67 0.57 0.72 0.69 0.89 1.33 — — 
1982 —— —— — —— — — _ — — 
1983 _ — — 0.30 0.56 0.55 0.86 1.00 0.62 0.62 
1984 1.01 0.83 0.71 0.46 0.40 0.46 0.48 0.34 — 1.21 0.93 0.76 
1985 1.19 — —- — 0.46 0.57 1.31 
Table 79. Twelve-month moving averages of the concentrations (mg/1) of 
orthc^phosf^te (as POi,) at Station 6 
Year Dec/ Jan/ Feb/ Mar/ tvpr/ May/ Jun/ Jul/ Aug/ Sep/ Oct/ Nov/ 
Jan Feb Mar Apr Way Jun Jul Aug Sec Oct Nov Dec 
1972 1.23 1.26 1.19 1.07 0.93 0.92 0.89 0.79 0.58 0.55 0.54 0.54 
1973 0.54 0.53 0.54 0.55 0.56 0.58 0.56 0.55 0.58 0.58 0.58 0.57 
1974 0.57 0.57 0.55 0.61 0.64 0.68 0.78 0.87 0.99 1.05 1.07 1.07 
1975 1.08 1.07 1.16 1.17 1.23 1.29 1.28 1.36 1.39 1.33 1.31 1.29 
1976 1.26 1.27 1.32 1.49 1.59 1.73 2.24 2.92 3.93 4.07 4.14 4.38 
1977 4.69 5.35 5.48 5.27 5.09 4.84 4.28 3.49 2.44 2.34 2.27 2.04 
1978 1.75 1.11 0.86 0.81 0.81 0.81 0.81 0.82 0.80 0.79 0.82 0.83 
1979 0.82 0.81 0.82 0.84 0.82 0.80 0.77 0.69 0.61 0.59 0.56 0.54 
1980 0.56 0.59 0.58 0.59 0.62 0.64 0.67 0.76 0.77 0.82 0.87 0.91 
1981 0.92 0.91 0.93 0.94 0.97 
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Table 80. Monthly average concentrations (mg/1) of orthophosphate (as 
PO,,) at station 9 
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1971 — — — — — — 0.55 0.38 0.35 0.22 0.53 0.67 
1972 0.87 1.90 1.33 0.56 0.20 0.34 0.43 0.50 0.50 0.68 0.54 0.63 
1973 0.58 0.40 0.50 0.48 0.36 0.28 0.30 0.22 0.28 0.63 0.32 0.40 
1974 0.54 0.63 0.43 0.42 0.33 0.35 0.25 0.20 0.25 0.30 0.55 0.47 
1975 0.80 1.15 0.85 0.55 0.35 0.35 0.43 0.40 1.00 0.45 0.80 0.70 
1976 1.05 0.40 0.40 0.30 0.25 0.45 0.40 0.31 0.21 0.10 0.28 1.50 
1977 1.91 2.59 0.88 0.47 0.27 0.16 0.13 0.22 0.46 0.55 0.41 0.55 
1978 0.74 0.92 0.80 0.37 0.22 0.27 0.45 0.46 0.57 0.58 0.49 0.49 
1979 0.85 0.89 0.62 0.72 0.47 0.22 0.30 0.48 0.54 0.58 0.50 0.43 
1980 0.34 0.76 0.60 0.52 0.20 0.39 0.50 0.36 0.38 0.45 0.54 0.35 
1981 1.11 1.17 0.41 0.28 0.26 0.25 0.45 0.55 0.42 0.53 — — 
1983 — — —. — — 0.17 0.37 0.22 0.66 0.44 0.56 0.46 
1984 0.70 0.56 0.65 0.39 0.36 0.34 0.39 0.15 — 0.42 0.59 0.76 
1985 0.64 — — — 0.44 0.46 
Table 81. Twelve-month moving averages of the concentrations (rog/1) of 
orthophosphate (as PO,,) at Station 9 
Year Dec/ Jan/ Feb/ Mar/ Apr/ May/ Jun/ Jul/ Aug/ Sep/ Get/ Nov/ 
Jan Feb Mar Apr Way Jun Jul Aug Sep Oct Nov Dec 
1972 0.66 0.65 0.66 0.67 0.71 0.71 0.71 0.68 0.56 0.49 0.48 0.50 
1973 0.49 0.48 0.46 0.44 0.43 0.42 0.40 0.39 0.41 0.41 0.40 0.40 
1974 0.40 0.40 0.40 0.40 0.37 0.39 0.39 0.42 0.46 0.49 0.50 0.51 
1975 0.51 0.52 0.54 0.60 0.61 0.63 0.65 0.67 0.61 0.57 0.55 0.54 
1976 0.55 0.55 0.54 0.48 0.45 0.40 0.47 0.54 0.73 0.77 0.78 0.78 
1977 0.76 0.73 0.73 0.75 0.79 0.80 0.72 0.62 0.48 0.47 0.47 0.46 
1978 0.47 0.50 0.52 0.53 0.53 0.54 0.53 0.54 0.54 0.52 0.55 0.57 
1979 0.57 0.56 0.56 0.55 0.55 0.56 0.55 0.51 0.50 0.50 0.48 0.46 
1980 0.47 0.49 0.48 0.46 0.45 0.46 0.45 0.51 0.55 0.53 0.51 0.52 
1981 0.51 0.50 0.52 0.52 0.53 
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Table 82. Monthly average concentrations (mg/1) of orthophosphate (as 
POi,) at Station 10 
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec. 
1972 — —— —— — —— — 0.38 0.55 0.55 0.50 0.60 
1973 0.63 0.35 0.46 0.40 0.42 0.40 0.53 0.30 0.35 0.63 0.58 0.43 
1974 0.42 0.60 0.40 0.35 0.33 0.40 0.18 0.13 0.20 0.10 0.33 0.30 
1975 0.55 0.50 0.60 0.50 0.50 0.40 0.17 0.20 0.50 0.05 0.50 0.47 
1976 0.40 0.30 0.30 0.20 0.20 0.35 0.10 0.12 0.13 0.07 0.20 0.42 
1977 0.62 0.62 0.40 0.31 0.44 0.53 0.24 0.40 0.25 0.44 0.39 0.50 
1978 0.47 0.54 0.56 0.45 0.14 0.43 0.64 0.20 0.48 0.40 0.35 0.37 
1979 0.50 0.56 0.91 0.64 0.26 0.40 0.30 0.33 0.44 0.18 0.41 0.28 
1980 0.47 0.66 0.64 0.30 0.05 0.49 0.39 0.28 0.37 0.37 0.42 0.35 
1981 0.90 0.67 0.42 0.19 0.13 0.35 0.30 0.14 0.10 0.32 —— — 
1982 
1983 0.36 0.58 0.23 0.14 0.41 0.53 0.38 
1984 0.40 0.74 0.51 0.49 0.38 0.50 0.31 0.06 — 0.13 0.29 0.35 
1985 0.61 —— 0.46 0.20 
Table 83. Twelve-month moving averages of the concentrations (rag/l) of 
orthof^osphate (as POi,) at Station 10 
Year Dec/ Jan/ Feb/ Mar/ Apr/ May/ Jun/ Jul/ Aug/ Sep/ Oct/ Nov/ 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1973 —— 0.48 0.47 0.46 0.46 0.47 0.46 0.44 0.46 0.46 0.45 0.44 
1974 0.44 0.41 0.40 0.39 0.34 0.32 0.31 0.32 0.31 0.33 0.34 0.36 
1975 0.36 0.36 0.36 0.39 0.38 0.40 0.41 0.40 0.38 0.36 0.33 0.31 
1976 0.30 0.30 0.29 0.26 0.26 0.24 0.23 0.25 0.28 0.29 0.30 0.32 
1977 0.33 0.34 0.37 0.38 0.41 0.42 0.43 0.42 0.41 0.42 0.43 0.41 
1978 0.40 0.43 0.42 0.44 0.43 0.43 0.42 0.42 0.42 0.45 0.47 0.48 
1979 0.48 0.45 0.46 0.46 0.44 0.44 0.43 0.43 0.44 0.42 0.39 0.37 
1980 0.38 0.39 0.38 0.38 0.39 0.39 0.40 0.44 0.44 0.42 0.41 0.42 
1981 0.40 0.40 0.38 0.36 0.36 
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Table 84. Monthly average concentrations (mg/1) of nitrite plus nitrate 
nitrogen (as N) at Station 1 
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1967 —— — —— — —— —— 2.54 0.74 0.10 0.02 0.00 0.05 
1968 0.57 0.86 0.52 0.55 0.01 2.23 7.74 1.09 0.04 5.88 7.51 6.89 
1969 5.38 4.35 4.00 5.45 6.38 7.28 5.85 2.63 1.42 0.71 5.52 3.67 
1970 2.96 3.86 5.78 5.93 5.79 6.94 0.46 0.14 0.04 2.51 5.25 6.05 
1971 4.61 3.78 4.80 5.68 2.69 6.54 6.20 0.05 0.05 0.05 3.71 6.73 
1972 4.24 2.95 2.33 1.89 9.42 10.40 7.77 5.74 6.55 11.68 11.98 10.51 
1973 7.61 6.10 7.85 9.29 10.93 11.13 7.52 1.08 0.79 8.40 8.46 9.48 
1974 7.69 6.65 7.77 9.37 9.9811.31 6.08 0.89 0.01 0.04 1.75 2.37 
1975 2.82 2.61 3.37 7.60 8.5311.74 5.18 0.00 O.OO 0.00 0.60 2.46 
1976 2.80 1.61 3.11 6.92 9.88 9.04 1.12 0.02 0.01 0.28 0.51 1.00 
1977 0.82 0.42 1.14 0.04 1.16 0.03 0.02 0.73 4.07 7.6810.40 10.27 
1978 7.77 5.21 3.55 4.97 6.50 11.46 11.59 3.70 5.43 8.36 6.25 7.83 
1979 6.03 4.23 5.44 9.40 9.82 7.95 8.10 8.02 5.00 5.85 10.82 12.17 
1980 10.09 7.00 4.58 9.75 5.80 9.62 1.20 3.70 6.56 5.16 6.42 6.50 
1981 4.90 2.89 0.92 0.04 6.60 9.80 8.95 8.11 6.37 7.84 8.2810.10 
1982 6.02 3.75 5.49 9.05 11.73 12.89 12.05 2.49 6.55 12.30 15.20 15.40 
1983 14.40 4.90 9.83 8.81 9.43 9.78 5.93 1.57 2.06 7.11 9.57 9.68 
1984 7.92 6.92 9.02 9.12 9.47 9.10 6.71 1.71 — 0.50 5.35 5.74 
1985 6.71 3.63 3.92 7.61 8.03 7.82 2.88 
Table 85. Twelve-month moving averages of nitrite plus nitrate nitrogen 
(as N) at Station 1 
Year Dec/ Jan/ Feb/ Mar/ Apr/ May/ Jun/ Jul/ Aug/ Sep/ Oct/ Nov/ 
Jan Feb Mar Apr Mav Jun Jul Aug Sep Oct Nov Dec 
1968 0.68 1.12 1.15 1.14 1.63 2.25 2.82 3.23 3.52 3.81 4.21 4.75 
1969 5.17 5.01 5.14 5.25 4.82 4.66 4.39 4.19 4.14 4.29 4.33 4.28 
1970 4.26 3.81 3.60 3.48 3.63 3.61 3.81 3.95 3.94 3.86 3.84 3.58 
1971 3.55 4.02 4.02 4.02 3.81 3.68 3.74 3.71 3.64 3.44 3.12 3.68 
1972 4.00 4.13 4.61 5.15 6.12 6.81 7.12 7.40 7.67 8.13 8.74 8.87 
1973 8.93 8.91 8.52 8.04 7.77 7.47 7.39 7.39 7.44 7.43 7.44 7.36 
1974 7.38 7.26 7.24 7.17 6.48 5.92 5.33 4.92 4.58 4.22 4.07 3.95 
1975 3.98 3.91 3.84 3.83 3.83 3.74 3.74 3.74 3.66 3.64 3.58 3.69 
1976 3.47 3.13 3.13 3.13 3.15 3.15 3.03 2.86 2.76 2.60 2.02 1.30 
1977 0.55 0.45 0.51 0.85 1.47 2.29 3.07 3.64 4.04 4.24 4.66 5.10 
1978 6.05 7.02 7.26 7.38 7.43 7.09 6.89 6.74 6.66 6.82 7.19 7.46 
1979 7.17 6.88 7.24 7.20 6.99 7.37 7.74 8.07 8.31 8.23 8.26 7.93 
1980 8.07 7.49 7.13 7.26 7.20 6.84 6.37 5.93 5.59 5.29 4.48 4.54 
1981 4.56 5.20 5.57 5.56 5.78 5.93 6.23 6.33 6.40 6.78 7.53 7.96 
1982 8.22 8.47 8.01 8.02 8.39 8.97 9.4110.11 10.20 10.57 10.55 10.35 
1983 10.10 9.59 9.51 9.13 8.70 8.23 7.76 7.22 7.38 7.32 7.34 7.35 
1984 7.29 7.35 7.37 7.70 7.15 6.80 6.47 6.37 6.10 5.67 5.55 5.43 
1985 5.32 5.00 
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Table 86. Monthly average concentrations (mg/1) of nitrite plus nitrate 
nitrogen (as N) at station 5 
Year Jan Feb Mar Apr May Jun Jul 
ll 
SgE. Oct Nov Dec 
1967 — —  — » « — — 2.30 0.12 0.06 0.01 0.00 0.07 
1968 0.52 1.04 0.34 0.55 0.01 1.63 6.70 1.08 0.03 6.58 7.15 7.96 
1969 6.57 4.53 3.65 4.88 6.57 9.09 6.00 2.73 0.87 0.39 4.82 3.41 
1970 2.94 3.53 5.25 5.66 5.92 6.95 0.55 0.37 0.69 2.59 5.55 6.28 
1971 4.68 3.86 5.02 5.25 2.16 6.63 5.51 0.06 0.01 0.02 3.72 6.68 
1972 3.13 3.18 2.29 1.28 9.12 10.03 6.56 5.19 3.46 11.23 11.95 10.45 
1973 7.76 5.20 7.65 9.14 10.62 11.28 7.38 0.96 0.68 8.05 8.01 9.60 
1974 7.71 6.65 7.45 8.96 9.30 10.53 5.72 0.58 0.02 0.01 1.47 2.00 
1975 2.92 2,92 3.26 7.45 8.03 12.06 5.10 0.00 0.02 0.01 0.60 2.46 
1976 2.74 1.31 3.15 6.49 8.22 8.69 1.01 0.02 0.03 0.01 0.16 0.98 
1977 1.13 0.71 0.98 0.02 1.17 0.03 0.13 0.35 0.66 1.49 3.92 6.93 
1978 8.24 7.27 6.12 3.73 7.00 6.31 10.91 8.70 4.21 8.78 7.59 6.24 
1979 6.11 5.35 4.91 8.79 9.06 7.84 7.50 8.48 5.21 4.26 10.89 12.36 
1980 10.13 9.20 5.49 9.78 6.95 8.33 6.90 2.50 5.69 5.63 5.36 4.97 
1981 5.06 4.38 2.78 1.54 1.88 6.80 8.35 8.92 6.55 5.85 7.29 7.25 
1982 8.09 7.27 7.46 8.19 10.97 13.73 13.00 9.41 6.24 11.70 11.90 13.00 
1983 13.40 5.43 10.40 10.50 8.42 9.69 8.17 3.13 1.97 4.38 7.32 10.12 
1984 9.42 7.77 9.05 9.35 9.29 9.24 6.92 5.10 — 2.10 2.28 3.64 
1985 6.19 6.26 4.41 6.63 8.16 7.04 5.93 
Table 87. Twelve-month moving averages of nitrite plus nitrate nitrogen 
(as N) at Station 5 
Year Dec/ Jan/ Feb/ Mar/ Apr/ May/ Jun/ Jul/ Aug/ Sep/ Oct/ Nov/ 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1968 0.55 0.92 1.00 1.00 1.55 2.14 2.80 3.30 3.59 3.87 4.23 4.78 
1969 5.40 5.34 5.48 5.55 5.03 4.84 4.46 4.16 4.07 4.21 4.27 4.22 
1970 4.04 3.59 3.39 3.37 3.56 3.62 3.86 4.00 4.03 4.01 3.98 3.66 
1971 3.64 4.05 4.02 3.97 3.75 3.60 3.63 3.50 3.45 3.22 2.89 3.47 
1972 3.75 3.84 4.27 4.56 5.49 6.18 6.49 6.88 7.04 7.49 8.15 8.27 
1973 8.37 8.44 8.09 7.86 7.59 7.27 7.19 7.19 7.31 7.29 7.28 7.17 
1974 7.11 6.97 6.94 6.88 6.21 5.67 5.03 4.63 4.32 3.97 3.85 3.74 
1975 3.87 3.82 3.77 3.77 3.77 3.70 3.74 3.72 3.59 3.58 3.50 3.51 
1976 3.23 2.89 2.89 2.89 2.89 2.86 2.73 2.60 2.55 2.37 1.83 1.24 
1977 0.52 0.45 0.48 0.53 0.65 0.96 1.46 2.05 2.60 3.03 3.34 3.82 
1978 4.35 5.24 5.94 6.24 6.84 7.15 7.09 6.91 6.75 6.65 7.08 7.25 
1979 7.37 7.09 7.07 7.16 6.78 7.05 7.56 7.90 8.22 8.27 8.35 8.17 
1980 8.22 8.17 7.67 7.71 7.82 7.36 6.74 6.32 5.92 5.69 5.01 4.59 
1981 4.46 4.58 5.11 5.19 5.20 5.36 5.55 5.81 6.05 6.44 6.99 7.75 
1982 3.33 8.71 8.76 8.73 9.22 9.60 10.08 10.52 10.37 10.61 10.81 10.59 
1983 10.26 9.86 9.33 8.98 8.37 7.98 7.74 7.41 7.61 7.50 7.40 7.47 
1984 7.43 7.33 7.49 7.86 7.67 7.25 6.71 6.44 6.31 5.92 5.70 5.60 
1985 5.42 5.34 
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Table 88. Mo'^thly average concentrations (ng/l) of nitrite plus nitrate 
nitrogen (as N) at Station 6 
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1971 — —* —— —— —— ' ' — 0.21 0.78 0.41 3.05 5.68 
1972 4.17 3.18 2.33 1.53 10.40 11.29 8.01 5.00 4.32 11.23 11.91 11.33 
1973 7.15 4.73 7.92 8.85 10.23 11.05 7.00 4.33 3.56 7.64 8.10 8.94 
1974 7.64 6.78 7.37 8.46 8.51 10.00 6.30 0.79 0.96 0.78 1.88 2.51 
1975 3.20 2.95 3.54 7.12 8.1111.64 5.73 0.58 1.23 9.81 1.38 3.28 
1976 3.84 2.72 4.75 7.11 9.26 9.57 2.87 1.20 1.59 1.71 1.58 2.20 
1977 1.89 1.64 1.20 0.38 0.96 1.07 0.99 1.62 3.28 5.14 7.34 7.83 
1978 7.45 5.49 4.75 5.02 8.16 7.9011.13 6.80 5.80 10.45 9.03 8.35 
1979 6.94 5.68 4.92 9.90 10.67 8.98 8.17 8.54 5.91 4.86 11.6812.45 
1980 10.25 8.87 5.53 9.95 6.73 9.03 5.57 2.25 4.60 5.24 4.91 4.51 
1981 4.31 3.48 1.45 1.49 1.7E 5.78 7.61 7.13 5.11 5.23 6.49 8.45 
1982 5.66 4.81 6.51 9.01 11.33 13.70 11.78 7.68 5.60 11.00 12.80 13.00 
1983 11.70 5.54 10.5011.20 9.89 9.82 8.11 3.29 2.17 5.43 7.93 10.35 
1984 9.44 7.79 9.0910.35 9.64 9.54 7.27 4.70 — 2.17 4.02 4.54 
1985 6.88 5.42 4.71 7.03 9.00 7.50 4.83 
Table 89. Twelve-month moving averages of nitrite plus nitrate nitrogen 
(as N) at Station 6 
Year Dec/ Jan/ Feb/ Mar/ Apr/ May/ Jun/ Jul/ Aug/ Sep/ Oct/ Nov/ 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1972 —— 4.25 4.65 4.95 5.85 6.59 7.06 7.31 7.44 7.90 8.51 8.50 
1973 8.48 8.39 8.34 8.27 7.98 7.66 7.46 7.50 7.67 7.62 7.59 7.45 
1974 7.36 7.30 7.01 6.79 6.22 5.70 5.17 4.80 4.48 4.16 4.05 4.01 
1975 4.15 4.10 4.08 4.11 4.86 4.82 4.88 4.93 4.92 5.02 5.02 5.11 
1976 4.94 4.70 4.75 4.78 4.11 4.12 4.03 3.87 3.78 3.49 2.92 2.23 
1977 1.52 1.37 1.40 1.54 1.83 2.31 2.78 3.24 3.56 3.86 4.25 4.85 
1978 5.41 6.26 6.69 6.90 7.34 7.48 7.53 7.49 7.50 7.52 7.92 8.13 
1979 8.22 7.97 8.12 8.13 7.66 7.88 8.23 8.50 8.77 8.82 8.82 8.49 
1980 8.50 8.28 7.76 7.65 7.68 7.12 6.45 5.96 5.51 5.17 4.46 4.05 
1981 3.78 3.95 4.36 4.40 4.40 4.53 4.86 5.05 5.16 5.59 6.21 7.01 
1982 7.67 8.02 8.06 8.10 8.59 9.11 9.49 9.91 9.97 10.30 10.49 10.37 
1983 10.04 9.74 9.37 9.09 8.62 8.22 7.99 7.81 7.99 7.88 7.81 7.78 
1984 7.76 7.69 7.81 8.19 7.91 7.59 7.10 6.89 6.69 6.33 6.05 6.00 
1985 5.83 5.62 
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Table 90. Monthly average concentrations (mg/1) of nitrite plus nitrate 
nitrogen (as N) at Station 9 
Year Jan Feb Mar Apr May Jun Jul AUSL Sep Oct Nov Dec 
1971 — —— —— —— — —— 3.31 2.03 0.81 0.57 1.08 2.79 
1972 3.32 3.62 2.17 2.03 7.00 7.79 8.23 6.49 2.67 8.4810.41 10.13 
1973 5.20 3.62 5.34 7.56 6.75 7.04 6.82 4.51 2.98 4.76 6.90 7.01 
1974 6.26 5.03 6.44 6.88 5.67 6.22 6.62 3.38 1.51 1.50 1.62 1.61 
1975 2.40 2.51 2.27 6.00 7.41 8.90 6.28 2.37 1.49 1.10 0.99 1.85 
1976 3.08 2.11 3.89 5.22 6.14 8.66 5.16 2.20 1.51 0.98 0.50 1.13 
1977 1.05 0.79 0.74 1.05 0.64 1.31 1.27 1.03 2.00 3.12 5.11 6.63 
1978 7.18 6.12 4.29 4.03 6.48 6.20 8.04 7.49 4.44 8.58 7.23 6.79 
1979 6.79 5.74 3.33 7.02 8.17 7.14 7.04 8.23 5.66 4.17 10.98 11.61 
1980 10.30 8.95 5.91 8.13 6.95 7.04 6.41 3.25 2.90 3.82 4.22 3.72 
1981 3.72 3.11 2.58 1.87 1.63 3.83 5.09 5.S3 4.77 4.09 4.41 5.63 
1982 6.63 5.87 4.77 6.85 9.53 12.25 8.02 6.48 4.45 5.32 8.81 9.29 
1983 12.90 5.98 10.30 9.67 9.66 8.20 7.79 4.79 2.34 3.68 6.86 9.53 
1984 8.51 6.08 8.26 8.86 8.17 8.60 7.36 4.81 — 2.61 3.27 3.72 
1985 6.25 4.73 4.30 5.89 8.50 7.27 
Table 91. Twelve-month moving averages of nitrite plus nitrate nitrogen 
(as N) at Station 9 
Year Dec/ Jan/ Feb/ Mar/ Apr/ May/ Jun/ Jul/ Aug/ Sep/ Oct/ Nov/ 
Jan Feb Mar. Apr May Jun Jul Aug See. Oct Nov Dec 
1972 3.04 3.45 3.83 3.98 4.64 5.42 6.03 6.19 6.19 6.45 6.91 6.89 
1973 6.83 6.71 6.54 6.57 6.26 5.97 5.71 5.80 5.91 6.01 5.95 5.86 
1974 5.79 5.77 5.68 5.56 5.29 4.85 4.40 4.07 3.86 3.52 3.44 3.59 
1975 3.81 3.78 3.70 3.70 3.66 3.61 3.63 3.69 3.65 3.79 3.72 3.62 
1976 3.60 3.51 3.49 3.49 3.48 3.44 3.38 3.21 3.10 2.84 2.49 2.03 
1977 1.42 1.10 1.00 1.04 1.22 1.60 2.06 2.57 3.02 3.31 3.56 4.05 
1978 4.46 5.02 5.56 5.76 6.22 6.39 6.41 6.37 6.34 6.26 6.51 6.65 
1979 6.73 6.65 6.71 6.81 6.44 6.76 7.16 7.45 7.72 7.93 8.02 7.92 
1980 7.91 7.86 7.45 7.22 7.19 6.62 5.97 5.42 4.93 4.65 4.13 3.69 
1981 3.42 3.31 3.54 3.69 3.71 3.73 3.89 4.13 4.36 4.54 4.96 5.62 
1982 6.32 6.56 6.61 6.58 6.68 7.05 7.36 7.88 7.89 8.35 8.58 8.59 
1983 8.26 8.24 8.10 7.92 7.78 7.62 7.64 7.28 7.28 7.11 7.05 6.92 
1984 6.96 6.92 6.92 7.23 7.14 6.84 6.36 6.17 6.06 5.73 5.48 5.51 
1985 5.40 
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Table 92. Monthly average concentrations (mg/l) of nitrite plus nitrate 
nitrogen (as N) at Station 10 
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1972 — 7.54 6.7911.2811.5411.98 
1973 7.53 6.23 8,56 9.24 10.81 11.59 7.55 5.57 4.71 7.23 8.73 8.49 
1974 7.84 7.36 7.74 8.42 8.1410.70 7.15 1.73 1.32 1.23 1.98 2.36 
1975 2.50 2.40 2.60 6.68 8.87 11.68 6.81 1.15 1.48 0.68 1.51 3.92 
1976 4.19 2.86 5.52 7.65 10.67 10.50 3.56 0.96 1.04 0.77 1.66 2.13 
1977 2.20 1.70 1.34 0.67 0.65 0.30 0.21 1.11 2.99 8.1610.0610.41 
1978 6.87 3.62 3.48 7.29 10.13 12.32 12.64 4.64 6.91 12.22 10.72 10.87 
1979 9.73 7.01 5.20 12.4815.0612.70 9.02 7.85 7.01 6.7413.63 13.79 
1980 10.83 8.71 7.70 12.67 7.3411.47 3.06 1.70 1.76 4.08 4.38 4.44 
1981 6.93 2.42 1.37 0.33 1.05 4.55 4.84 2.78 1.32 5.99 6.6511.40 
1982 6.22 5.09 6.07 10.80 11.65 13.39 14.45 4.94 4.91 11.40 15.90 14.90 
1983 14.60 5.53 11.40 12.50 12.50 11.23 9.80 4.65 3.28 7.89 10.7611.75 
1984 9.57 8.52 9.8912.05 10.96 11.00 9.31 3.69 — 2.94 6.19 6.16 
1985 8.13 4.86 5.61 9.2011.7010.30 4.64 
Table 93. Twelve-month moving averages of nitrite plus nitrate nitrogen 
(as N) at Station 10 
Year Dec/ Jan/ Feb/ Mar/ Apr/ May/ Jun/ Jul/ Aug/ Sep/ Oct/ Nov/ 
Jan Feb Mar Apr May Jun Jul Aiw Sep Oct Nov Dec 
1973 —— 9.22 9.06 8.88 8.55 8.31 8.02 8.05 8.14 8.07 8.00 7.78 
1974 7.71 7.67 7.35 7.07 6.57 6.01 5.50 5.05 4.64 4.21 4.07 4.13 
1975 4.21 4.18 4.13 4.15 4.10 4.06 4.19 4.33 4.37 4.61 4.69 4.84 
1976 4.75 4.47 4.46 4.42 4.43 4.44 4.29 4.13 4.03 3.68 3.10 2.27 
1977 1.42 1.14 1.15 1.31 1.93 2.63 3.32 3.71 3.87 4.04 4.60 5.39 
1978 6.39 7.42 7.72 8.04 8.38 8.44 8.48 8.71 9.00 9.14 9.57 9.98 
1979 10.02 9.71 9.98 9.99 9.53 9.78 10.02 10.11 10.25 10.46 10.48 9.83 
1980 9.73 9.23 8.72 8.28 8.06 7.29 6.51 6.19 5.66 5.14 4.11 3.58 
1981 3.01 3.15 3.24 3.21 3.37 3.56 4.14 4.08 4.30 4.69 5.56 6.45 
1982 7.18 7.98 8.16 8.46 8.91 9.69 9.98 10.68 10.71 11.16 11.30 11.37 
1983 11.1910.80 10.78 10.64 10.35 9.92 9.66 9.24 9.49 9.36 9.32 9.20 
1984 9.18 9.14 9.06 
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Table 94. Monthly average concentrations of suspended solids (og/l) at 
Station 1 
Year Jân_ Feb Mar Apr May Jun Jul Aua_ SeE_ Qçt_ Nov Dec 
1973 — —— —— • — —— — 207 538 245 62 37 
1974 14 13 195 355 357 216 125 132 91 135 27 10 
1975 7 2 101 475 102 810 165 62 70 94 66 20 
1976 8 101 273 141 165 116 94 47 88 53 40 20 
1977 56 7 27 66 103 70 77 928 106 68 79 12 
1978 6 24 144 796 93 196 256 175 2249 55 27 11 
1979 9 11 595 217 86 123 110 503 83 51 84 44 
1980 9 7 66 86 70 423 125 151 110 61 39 23 
1981 6 25 53 121 74 1257 138 114 152 76 11 16 
1982 8 12 411 136 522 668 163 169 96 138 63 27 
1983 —— 220 69 67 74 242 145 135 145 60 48 8 
1984 9 115 61 130 326 958 157 87 — 96 35 22 
1985 40 34 298 216 136 113 88 
Table 95. Twelve-month moving averages of suspended solids 
concentrations at Station 1 
Year Dec/ Jan/ Feb/ Mar/ Apr/ May/ Jun/ Jul/ Aug/ Sep/ Oct/ Nov/ 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1974 — 197 191 154 144 141 139 139 138 130 140 119 
1975 168 171 166 164 160 164 165 165 173 187 159 165 
1976 107 101 100 101 98 96 96 100 92 71 65 60 
1977 56 55 128 129 131 134 133 129 131 140 201 200 
1978 211 226 163 342 340 336 336 336 335 373 325 324 
1979 318 306 333 153 152 157 160 160 159 115 104 103 
1980 128 129 100 102 103 99 98 97 99 98 101 101 
1981 170 172 168 172 173 171 170 170 169 199 200 238 
1982 189 191 195 191 196 200 201 211 228 199 194 156 
1983 121 119 116 121 114 113 111 102 93 92 98 119 
1984 178 179 175 178 181 180 181 184 177 197 204 188 
1985 118 112 
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Table 96. Monthly average concentrations of suspended solids (mg/1) at 
Station 5 
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1973 — — — — —— —— 264 409 360 152 101 
1974 52 66 291 260 469 289 190 147 95 111 50 20 
1975 11 4 215 543 212 235 200 71 83 49 80 27 
1976 12 0 247 122 143 246 156 74 75 33 77 36 
1977 29 27 57 86 41 58 46 57 49 21 27 13 
1978 8 6 28 57 15 20 37 25 37 22 24 12 
1979 8 5 44 40 10 17 21 31 12 21 17 17 
1980 14 3 18 30 23 30 19 24 31 28 19 8 
1981 11 12 16 22 15 39 39 29 26 32 22 15 
1982 7 4 15 31 32 30 23 21 28 25 14 9 
1983 —— 114 23 13 11 17 15 88 42 28 20 8 
1984 6 37 14 39 18 84 23 20 — 30 17 9 
1985 9 5 37 36 26 30 16 
Table 97. Twelve-month moving averages of suspended solids 
concentrations at Station 5 
Year Dec/ Jan/ Feb/ Mar/ Apr/ May/ Jun/ Jul/ Aug/ Sep/ Oct/ Nov/ 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1974 242 232 206 185 177 170 167 161 155 179 157 
1975 153 154 147 146 141 144 144 144 144 147 112 106 
1976 107 103 103 103 101 101 102 103 105 90 87 78 
1977 62 53 52 50 49 45 43 41 39 37 34 32 
1978 29 28 26 25 25 24 24 24 24 26 24 24 
1979 23 22 23 21 20 20 20 21 21 18 18 19 
1980 20 20 19 21 21 21 21 20 21 21 20 20 
1981 20 22 22 22 22 23 23 23 22 22 23 24 
1982 24 22 22 22 21 20 20 22 31 31 30 28 
1983 27 26 32 33 33 34 34 32 26 25 27 28 
1984 33 34 28 27 27 27 27 27 24 26 26 27 
1985 22 22 
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Table 98. Monthly average concentrations of suspended solids (mg/l) at 
station 6 
Year Jan Feb Mar Apr May Jun_ Jul Aug Sep Oct Nov Dec 
1973 — —  — —  •' — — — —  — — —— 383 98 79 
1974 32 78 403 625 665 357 154 95 98 63 79 19 
1975 14 9 15 642 198 353 188 72 92 49 86 223 
1976 29 39 896 389 445 169 107 81 60 46 58 31 
1977 41 43 96 106 103 82 27 127 351 106 529 20 
1978 19 10 1291 3342 476 360 300 189 316 47 232 19 
1979 22 21 1118 250 66 698 73 126 26 52 46 23 
1980 13 8 70 76 49 827 40 73 54 32 24 17 
1981 22 37 23 37 41 141 220 82 68 46 23 28 
1982 18 28 308 92 204 169 280 81 63 373 72 83 
1983 — 423 56 89 60 142 121 70 94 106 136 20 
1984 19 156 61 257 295 237 63 67 — 97 65 24 
1985 21 272 304 130 105 618 80 
Table 99. Twelve-month moving averages of suspended solids 
concentrations at Station 6 
Year Dec/ Jan/ Feb/ Mar/ Apr/ May/ Jun/ Jul/ Aug/ Sep/ Oct/ Nov/ 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1974 — —  ——- " 256 229 227 222 221 215 183 184 145 
1975 145 148 146 145 144 145 162 163 166 239 218 238 
1976 223 216 217 214 214 212 196 197 197 131 107 78 
1977 71 65 68 93 98 137 136 134 131 231 501 532 
1978 555 578 583 580 575 550 550 550 551 537 279 245 
1979 273 254 249 225 225 210 210 209 208 121 106 105 
1980 116 113 109 111 109 107 107 108 110 106 103 102 
1981 45 60 61 62 63 63 64 64 63 87 91 105 
1982 107 112 112 112 139 143 148 159 192 171 171 159 
1983 157 143 142 145 123 128 123 111 89 90 104 123 
1984 131 126 126 129 128 123 123 123 133 153 142 127 
1985 158 160 
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Table 100. MonWily average concentrations of suspended solids (mg/l) at 
Station 9 
Year Jan Feb Mar Apr May Jun Jul Aug_ Sep Oct Nov Dec 
1973 — — — —— —— — — — 37 94 42 39 39 
1974 38 29 67 77 61 24 16 27 78 53 24 £-
1975 13 5 122 50 27 44 88 52 28 37 28 24 
1976 15 16 57 46 31 61 30 45 44 24 16 18 
1977 12 14 41 73 24 26 39 34 88 49 43 12 
1978 10 17 101 58 34 30 88 33 57 23 38 11 
1979 7 6 117 26 10 14 26 51 36 32 41 37 
1980 16 6 38 33 29 45 38 48 35 52 14 13 
1981 9 20 22 67 30 80 94 50 43 48 20 27 
1982 13 6 85 43 58 21 83 34 55 59 18 13 
1983 — 77 21 12 11 6 7 17 55 41 45 16 
1984 7 40 41 31 22 9 15 22 — 28 26 12 
1985 16 155 54 48 49 50 
Table 101. Twelve-month moving averages of suspended solids 
concentrations at Station 9 
Year Dec/ Jan/ Feb/ Mar/ Apr/ May/ Jun/ Jul/ Aug/ Sep/ Oct/ Nov/ 
Jan Feb Mar Apr May Jun Jul Aug SeE_ Oct Nov Dec 
1974 — 47 46 45 46 44 43 41 39 43 41 38 
1975 40 46 48 44 43 43 43 43 44 39 39 39 
1976 40 35 35 36 35 34 34 33 33 32 34 34 
1977 31 31 30 34 36 38 38 38 38 43 42 43 
1978 43 47 47 44 42 42 42 41 41 42 39 37 
1979 36 31 32 30 31 31 34 34 34 28 28 30 
1980 33 34 33 33 35 33 31 30 31 30 33 33 
1981 36 40 41 41 41 41 43 43 42 47 45 47 
1982 42 41 40 41 42 42 41 43 48 43 41 37 
1983 35 29 28 28 26 28 29 26 23 25 26 27 
1984 28 28 29 27 26 24 24 25 34 35 37 39 
1985 42 
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Table 102. Monthly average concentrations of suspended solids (mg/1) at 
Station 10 
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1973 — —— —— —— — — 214 777 733 105 164 
1974 104 64 357 631 663 359 190 89 58 57 61 14 
1975 35 9 289 2014 248 509 164 76 127 35 232 267 
1976 19 31 782 353 474 154 112 80 93 36 31 18 
1977 10 13 331 82 144 61 46 192 290 120 241 29 
1978 12 8 1444 3099 294 329 404 183 3212 48 36 15 
1979 21 31 1683 400 145 577 142 238 77 76 123 31 
1980 29 12 119 154 79 750 69 219 68 33 12 11 
1981 12 77 16 66 68 740 327 943 107 54 10 16 
1982 29 18 456 124 623 1238 324 620 319 561 153 45 
1983 —— 430 140 169 146 862 182 105 76 94 167 19 
1984 14 205 102 316 498 344 159 99 — 261 37 69 
1985 33 —— 244 225 600 123 
Table 103. Twelve-month moving averages of suspended solids 
concentrations at Station 10 
Year Dec/ Jan/ Feb/ Mar/ Apr/ May/ Jun/ Jul/ Aug/ Sep/ Oct/ Nov/ 
Jan Feb Mar Apr May Jun Jul Auq Sep Oct Nov Dec 
1974 — 363 353 293 237 233 221 215 210 205 320 285 
1975 29S 296 295 300 298 313 334 332 334 375 237 256 
1976 226 222 222 219 219 203 182 181 180 142 120 92 
1977 84 79 88 105 112 129 130 130 130 222 474 486 
1978 509 539 538 781 775 758 757 758 760 780 555 542 
1979 563 541 546 284 287 294 295 296 294 164 144 138 
1980 153 146 145 144 141 131 130 128 134 125 118 117 
1981 116 137 198 201 203 203 203 2a4 200 236 241 287 
1982 329 329 302 319 362 373 376 402 436 410 414 374 
1983 343 331 288 268 229 230 228 200 182 178 191 220 
1984 177 175 174 184 198 187 191 193 190 181 175 153 
1985 174 171 
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Table 104. Monthly average concentrations of total phosphate (as PO^) 
at Station 1 
Year Jan Feb Mar Apr Way Jun Jul Aug_ Sep Oct Nov Dec 
1971 — 1.4 1.4 0.9 1.0 1.4 1.4 1.0 1.0 1.0 1.2 0.9 
1972 1.1 1.7 2.2 1.0 1.3 1.5 1.6 1.1 1.3 0.8 0.7 0.6 
1973 1.1 0.9 1.3 0.7 0.7 0.5 0.9 0.7 1.5 1.1 0.6 0.4 
1974 0.7 0.8 0.9 0.9 1.1 1.0 0.5 0.5 0.7 0.7 0.6 1.0 
1975 1.4 1.8 1.3 1.6 0.7 1.3 0.6 0.4 0.6 1.1 0.7 1.0 
1976 1.3 \.l 1.5 0.7 0.7 0.5 0.7 0.6 0.7 0.7 1.0 1.9 
1977 4.0 4.6 1.5 1.2 0.9 1.0 1.0 3.2 0.7 0.6 0.6 0.8 
1978 1.2 1.6 1.8 0.9 0.4 0.8 1.2 0.7 0.8 0.5 0.6 0.8 
1979 1.5 1.6 2.4 1.1 0.4 0.5 1.0 3.4 0.8 0.7 0.9 0.6 
1980 0.6 0.9 1.1 0.6 0.3 1.9 0.7 1.1 1.1 0.6 0.4 0.5 
1981 0.8 1.2 1.0 0.9 1.1 2.3 1.1 0.8 0.8 0.6 —— —— 
1982 — — — — 1.2 — — 0.6 — 0.8 
1983 0.5 
1984 — — — — — 0.8 0.5 0.4 
1985 0.9 1.4 1.9 1.1 0.7 0.7 0.6 
Table 105. Twelve-month moving averages of total phosphate (as POi,) 
concentrations (mg/1) at Station 1 
Year Dec/ Jan/ Feb/ Mar/ Apr/ May/ Jun/ Jul/ Aug/ Sep/ Oct/ Nov/ 
Jan Feb Mar Apr May Jun Jul Auq Sep Oct Nov Dec 
1971 — —  1—11 1.1 1.2 1.2 1.2 1.3 
1972 1.3 1.3 1.3 1.3 1.3 1.3 1.2 1.2 1.2 1.1 1.1 1.0 
1973 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.8 0.8 0.8 0.8 0.8 
1974 0.9 0.9 0.8 0.8 0.7 0.7 0.8 0.8 0.9 1.0 1.0 1.0 
1975 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.9 0.9 
1976 0.9 0.9 0.9 0.9 0.9 0.9 1.0 1.2 1.5 1.5 1.5 1.5 
1977 1.6 1.6 1.8 1.8 1.8 1.8 1.7 1.4 1.2 1.2 1.2 1.2 
1978 1.1 1.2 0.9 1.0 0.9 0.9 0.9 1.0 1.0 1.0 1.0 1.0 
1979 1.0 1.0 1.2 1.2 1.2 1.3 1.2 1.2 1.1 1.0 1.0 1.0 
1980 1.1 1.0 0.9 0.9 0.9 0.8 0.8 0.8 0.9 0.9 0.9 0.9 
1981 1.0 1.0 1.0 1.0 1.0 
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Table 106. Monthly average concentrations of total phosphate (as POi,) 
at Station 5 
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1971 — 1.6 1.9 1.0 1.0 1.2 1.3 0.8 0.7 1.0 1.2 1.1 
1972 1.0 1.4 2.9 1.3 1.8 1.8 2.0 1.5 0.8 1.0 1.3 0.7 
1973 1.2 1.3 1.2 2.1 0.7 0.5 0.9 0,7 1.1 1.2 0.6 1.1 
1974 0.6 0.8 1.1 1.2 1.3 1.2 0.4 0.5 0.6 1.0 0.8 0.7 
1975 1.0 1.2 1.4 1.8 0.9 0.9 0.7 0.5 0.5 0.7 0.7 1.0 
1976 1.0 0.7 1.3 0.8 0.7 0.6 0.7 0.6 0.6 0.7 0.9 1.8 
1977 2.3 2.6 1.6 0.8 0.9 0.8 0.8 0.8 0.8 0.5 0.3 0.3 
1978 0.6 0.7 0.8 1.1 0.2 0.4 0.7 0.4 0.5 0.5 0.2 0.2 
1979 0.7 0.9 1.0 1.0 0.4 0.2 0.5 0.7 0.8 0.7 0.6 0.4 
1980 0.4 0.6 1.0 0.6 0.2 0.6 0.4 0.4 0.5 0.4 0.2 0.4 
1981 0.4 0.3 0.2 0.5 0.3 0.5 0.6 0.5 0.3 0.4 —— —— 
1982 — — — — 0.5 — — 0.2 —— 0.5 —— 
1983 0.3 — 
1984 —— —— —— — —— —— — 0.3 0.3 0.3 0.3 
1985 0.5 0.6 0.8 0.5 0.4 0.4 0.4 
Table 107. Twelve-month moving averages of total phosïrtîate (as PO^) 
concentrations (mg/1) at Station 5 
Year Dec/ Jan/ Feb/ Mar/ Apr/ May/ Jun/ Jul/ Aug/ Sep/ Oct/ Nov/ 
Jan Feb Mar Apr Way Jun Jul Aug Sep Oct Nov Dec 
1971 — —— — — — — — 1.2 1.1 1.2 1.2 1.3 
1972 1.4 1.4 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.3 1.4 1.3 
1973 1.2 1.1 1.0 1.1 1.1 1.0 1.1 1.0 1.0 1.0 0.9 0.9 
1974 1.0 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 1.0 1.0 
1975 0.9 1.0 1.0 1.0 0.9 0.9 0.9 0.9 0.9 0.9 0.8 0.8 
1976 0.8 0.8 0.8 0.8 0.8 0.8 0.9 1.0 1.1 1.2 1.2 1.2 
1977 1.2 1.2 1.2 1.2 1.2 1.2 1.0 0.9 0.7 0.7 0.7 0.6 
1978 0.6 0.6 0.6 0.5 0.5 0.5 0.5 0.5 0.6 0.6 0.6 0.6 
1979 0.6 0.5 0.6 0.6 0.6 0.6 0.7 0.6 0.6 0.6 0.6 0.6 
1980 0.6 0.6 0.6 0.5 0.5 0.5 0.5 0.5 0.5 0.4 0.4 0.4 
1981 0.4 0.4 0.4 0.4 0.4 
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Table 108. Monthly average concentrations of total phosphate (as PO^) 
at Station 6 
Year Jan Feb Mar Apr May Jun Jul Ausu SeB_ Oct Nov Dec 
1971 —  —  — —— — — —— — 2.2 3.8 3.3 1.9 2.4 
1972 2.8 3.9 3.8 1.9 2.5 2.3 2.6 1.5 1.7 1.4 1.0 1.1 
1973 2.6 2.2 1.5 1.3 0.9 1.1 1.9 1.1 3.0 1.4 0.8 0.7 
1974 1.0 1.0 1.4 1.8 2.5 1.4 0.5 1.0 2.0 2.4 1.8 2.3 
1975 2.3 2.7 2.1 1.8 1.0 1.0 0.9 1.9 1.8 2.4 2.1 2.3 
1976 3.5 3.2 2.2 1.1 1.3 0.9 1.3 2.9 4.6 4.3 4.9 9.2 
1977 12.6 17.3 3.5 2.5 4.4 5.0 10.0 5.2 2.3 1.3 2.4 1.4 
1978 2.3 2.3 2.9 6.5 1.6 1.2 1.4 1.0 1.3 1.9 1.1 1.2 
1979 2.5 2.7 3.9 1.6 0.6 1.9 0.9 1.0 0.9 1.0 0.9 0.9 
1980 1.1 1.4 2.1 0.9 0.7 1.6 1.5 1.3 1.4 1.5 1.6 1.6 
1981 3.4 2.6 2.8 2.0 1.9 1.3 1.2 1.2 1.5 1.5 
1982 — — —  — 1.3 —— — 0.4 — 1.9 — —  
1983 0.7 —— 
1984 — —— — — — — 1.8 1.4 2.1 
1985 1.2 2.7 2.3 1.0 0.9 2.8 1.7 
Table 109. Twelve-month moving averages of total i^Aosphate (as PO,,) 
concentrations (mg/1) at Station 6 
Year Dec/ Jan/ Feb/ Mar/ Apr/ May/ Jun/ Jul/ Aug/ Sep/ Oct/ Nov/ 
Jan Feb Mar Apr_ May Jun Jul Aug Sep Oct Nov Dec 
1972 — 2.8 2.7 2.6 2.4 2.3 2.2 2.2 2.1 1.9 1.8 1.7 
1973 1.6 1.5 1.5 1.6 1.6 1.6 1.5 1.4 1.3 1.3 1.3 1.5 
1974 • 1.5 1.4 1.4 1.3 1.4 1.5 1.6 1.7 1.8 1.9 1.9 1.8 
1975 1.7 1.8 1.9 1.8 1.8 1.9 1.9 2.0 2.0 2.0 2.0 2.0 
1976 2.0 2.0 2.1 2.3 2.5 2.7 3.3 4.0 5.2 5.3 5.4 5.7 
1977 6.0 6.8 7.0 6.8 6.5 6.3 5.7 4.8 3.6 3.5 3.8 3.6 
1978 3.3 2.6 2.2 2.1 2.2 2.1 2.1 2.1 2.1 2.2 1.8 1.7 
1979 1.8 1.7 1.7 1.7 1.6 1.6 1.6 1.5 1.3 1.2 1.1 1.1 
1980 1.1 1.2 1.2 1.2 1.3 1.3 1.4 1.6 1.7 1.7 1.8 1.9 
1981 1.9 1.9 1.9 1.9 1.9 
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Table 110. Monthly average concentrations of total phosphate (as PO^) 
at Station 9 
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1971 — —— — — — —— 0.9 0.7 0.5 0.4 0.7 1.4 
1972 1.4 2.4 2.4 1.2 0.7 0.7 0.8 0.8 0.8 1.1 0.8 0.9 
1973 0.9 0.9 0.7 0.6 0.5 0.4 0.4 0.3 0.5 0.6 0.7 0.6 
1974 0.9 0.7 0.8 0.9 0.6 0.6 0.3 0.4 0.5 0.5 0.6 0.9 
1975 1.0 1.4 1.2 0.8 0.5 0.5 0.7 0.5 0.6 0.8 0.8 1.0 
1976 1.4 0.9 0.8 0.8 0.5 0.7 0.8 0.6 0.5 0.4 0.6 2.1 
1977 2.4 3.2 1.9 0.9 0.6 0.4 0.6 0.4 1.1 0.9 0.6 0.7 
1978 0.9 1.4 1.5 0.9 0.6 0.3 0.5 0.8 0.8 0.8 0.8 0.7 
1979 0.6 1.0 1.1 0.9 0.4 0.6 0.7 0.5 0.6 0.6 0.8 0.6 
1980 0.6 1.0 1.1 0.9 0.4 0.6 0.7 0.5 0.6 0.6 0.8 0.6 
1981 1.5 1.7 0.9 0.6 0.7 0.6 0.8 0.7 0.7 0.7 — — 
1982 — — — —— 0.6 — — 0.4 — 0.6 — — 
1983 0.5 — —— — — — — 
1984 — — — — — — — — 0.5 0.8 1.1 
1985 0.9 1.5 0.9 0.9 0.7 0.8 0.8 
Table 111. Twelve-month moving averages of total phosphate (as PO,,) 
concentrations (mg/l> at Station 9 
Year Dec/ Jan/ Feb/ Mar/ %)r/ May/ Jun/ Jul/ Aug/ Sep/ Oct/ Nov/ 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1972 1.1 1.1 1.1 1.1 1.2 1.2 1.2 1.1 1.0 0.9 0.8 0.8 
1973 0.8 0.7 0.7 0.7 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 
1974 0.6 0.6 0.6 0.6 0.6 0.6 0,6 0.7 0.7 0.7 0.7 0.7 
1975 0.7 0.8 0.8 0.8 0.8 0.8 0.8 0.9 0.8 0.8 0.8 0.8 
1976 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.9 1.1 1.2 1.2 1.2 
1977 1.2 1.2 1.2 1.2 1.3 1.3 1.1 1.0 0.9 0.8 0.8 0.8 
1978 0.8 0.8 0.9 0.8 0.8 0.8 0.8 0.8 0.8 0.7 0.7 0.7 
1979 0.8 0.8 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 
1980 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.8 0.8 0.8 0.8 0.8 
1981 0.8 0.8 0.8 0.9 0.9 
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Table 112. Monthly average concentrations of total phosphate (as PO^) 
at Station 10 
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1972 — —— — —  —  — —  — — 1.2 1.8 1.0 1.2 0.8 
1973 2.0 2.0 2.7 1.8 1.1 1.0 1.4 0.8 1.3 1.7 0.6 0.8 
1974 0.5 0.7 1.1 1.4 4.7 1.1 0.6 0.4 0.8 0.6 0.8 3.1 
1975 0.5 0.8 1.2 3.1 1.1 1.4 0.6 4.0 0.5 0.5 0.6 1.1 
1976 0.6 0.4 1.6 0.7 1.1 0.5 0.6 0.5 0.5 0.5 0.5 0.6 
1977 0.8 1.3 1.2 0.9 1.2 0.9 0.7 1.0 1.0 0.8 1.0 0.7 
1978 0.6 0.5 4.4 5.0 0.9 0.9 1.4 0.9 1.9 0.5 0.4 0.5 
1979 0.8 0.8 5.0 1.7 0.5 0.8 1.2 1.6 0.8 0.5 0.8 0.6 
1980 0.7 1.0 1.9 0.8 0.3 1.3 0.7 1.3 0.8 0.8 0.6 0.6 
1981 1.6 1.0 0.7 1.2 2.1 2.2 1.4 2.0 0.8 0.7 — — 
1982 — — — — 2.1 — 0.3 — 2.2 — — 
1983 0.4 — 
1984 — — —  — — — 1.1 0.6 0.8 
1985 0.7 1.8 1.4 1.4 1.2 2.6 1.0 
Table 113. Twelve-month moving averages of total phosi*ate (as PO^) 
concentrations (rog/1) at Station 10 
Year Dec/ Jan/ Feb/ Mar/ Apr/ May/ Jun/ Jul/ Aug/ Sep/ Oct/ Nov/ 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1973 — 1.5 1.5 1.4 1.5 1.4 1.4 1.3 1.2 1.1 1.0 1.3 
1974 1.3 1.3 1.2 1.2 1.1 1.1 1.3 1.3 1.3 1.3 1.5 1.2 
1975 1.2 1.2 r.5 1.5 1.5 1.5 1.3 1.3 1.3 1.3 1.1 1.1 
1976 1.0 1.0 0.7 0.7 0.7 0.7 0.7 0.7 0.8 0.7 0.8 0.8 
1977 0.8 0.8 0.8 0.9 0.9 1.0 1.0 0.9 0.9 1.1 1.5 1.5 
1978 1.5 1.5 1.5 1.6 1.6 1.5 1.5 1.5 1.5 1.6 1.3 1.3 
1979 1.3 1.3 1.3 1.2 1.2 1.3 1.3 1.3 1.3 1.0 0.9 0.9 
1980 1.0 0.9 0.9 0.9 0.9 0.9 0.9 1.0 1.0 0.9 0.9 1.1 
1981 1.1 1.2 1.3 1.3 1.2 
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Table 114. Monthly average concentrations (mg/1) of biochemical oxygen 
demand (BOD) at Station 1 
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1967 —  —  — — — — — —  6.9 9.3 15.6 18.5 16.9 13.5 
1968 11.6 10.5 13.4 20.5 21.8 17.6 11.7 9.6 14.8 6.8 3.7 2.9 
1969 2.9 5.1 8.6 4.6 4.8 4.4 5.6 8.0 11.4 14.3 9.7 8.1 
1970 2.8 2.8 4.7 4.8 6.9 7.2 14.5 9.2 12.4 8.3 6.2 4.6 
1971 2.9 4.8 7.4 5.7 14.0 9.4 9.1 15.6 12.6 13.4 5.1 4.2 
1972 3.5 3.4 13.4 11.5 5.9 7.1 7.6 7.8 8.4 2.7 3.8 1.8 
1973 4.3 4.9 6.3 2.8 3.2 3.5 6.6 11.3 12.3 3.9 3.2 1.5 
1974 1.4 2.3 1.9 2.7 2.7 2.0 7.8 8.1 10.1 18.7 5.0 5.0 
1975 2.1 1.3 2.2 3.5 3.1 2.1 6.3 7.0 11.9 17.7 7.4 4.1 
1976 2.8 2.9 5.2 5.3 7.3 9.0 11.9 8.6 11.0 14.8 10.5 6.8 
1977 4.4 5.0 6.0 13.0 12.2 12.7 9.1 9.0 7.5 5.2 4.3 3.2 
1978 1.3 1.7 4.6 4.5 6.2 4.1 2.9 6.7 8.8 9.8 8.6 1.8 
1979 1.3 1.2 4.1 3.0 2.4 2.8 4.5 2.1 2.2 3.9 2.0 1.2 
1980 1.4 5.2 3.3 3.4 7.4 4.7 12.0 7.7 6.7 10.8 8.3 5.5 
1981 2.6 3.1 7.7 12.2 11.0 4.5 2.9 6.3 7.2 8.3 — 
1982 -  —  — — — — — — — — — 
1983 —— — — — —— — 
1984 —— —— 3.5 3.0 3.2 1.9 8.0 — 9.6 2.7 2.5 
1985 2.9 3.2 3.7 2.5 2.8 3.9 6.8 
Table 115. Twelve-month moving averages of biochemical oxygen demand 
concentrât ions (mg/1) at Station 1 
Year Dec/ Jan/ Feb/ Mar/ Apr/ May/ Jun/ Jul/ Aug/ Sep/ Oct/ Nov/ 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1968 14.7 15.1 15.1 15.0 14.1 13.0 12.1 11.4 10.9 10.5 9.2 7.8 
1969 6.7 6.2 6.0 5.7 6.4 6.9 7.3 7.3 7.1 6.8 6.8 7.0 
1970 7.2 7.9 8.0 8.1 7.6 7.3 7.0 7.0 7.2 7.4 7.5 8.1 
1971 8.3 7.8 8.4 8.4 8.8 8.7 8.7 8.7 8.6 9.1 9.6 8.9 
1972 8.7 8.6 8.0 7.6 6.7 6.6 6.4 6.5 6.6 6.0 5.3 5.1 
1973 4.8 4.7 5.0 5.3 5.4 5.3 5.3 5.1 4.9 4.5 4.5 4.4 
1974 4.3 4.4 4.2 4.0 5.2 5.4 5.6 5.7 5.6 5.6 5.7 5.7 
1975 5.8 5.6 5.5 5.7 5.6 5.8 5.7 5.8 5.9 6.2 6.3 6.7 
1976 7.2 7.7 7.8 7.8 7.5 7.8 8.0 8.1 8.3 8.4 9.0 9.4 
1977 9.7 9.5 9.5 9.3 8.5 7.9 7.6 7.4 7.1 7.0 6.3 5.8 
1978 5.1 4.5 4.4 4.5 4.8 5.2 5.1 5.1 5.0 5.0 4.9 4.6 
1979 4.5 4.6 4.2 3.7 3.2 2.6 2.6 2,6 2.9 2.8 2.9 3.3 
1980 3.4 4.1 4.5 4.9 5.5 6.0 6.4 6.5 6.3 6.7 7.4 7.7 
1981 7.7 6.9 6.8 6.8 6.6 — — —— — — — 
1982 — — — — 
1983 —— 
1984 — —— — 4.0 3.9 3.9 
1985 4.0 4.4 
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Table 116. Monthly average concentrations (mg/l) of biochemical oxygen 
demand (BOD) at Station 5 
Year Jan Feb Mar AEr_ May_ JuQ- Jul 
ll 
SeE_ Oct Nov Dec 
1967 — —  — — — — 7.6 8.2 13.7 16.7 18.8 12.9 
1968 14.5 15.3 19.0 18.4 17.8 16.8 14.4 7.3 11.3 8.8 3.6 3.6 
1969 2.0 4.7 11.6 5.1 5.8 5.6 7.0 8.3 13.0 15.6 11.7 9.2 
1970 3.4 3.1 4.8 6.9 8.0 7.8 12.1 9.3 11.0 8.4 7.4 5.1 
1971 3.0 6.5 7.3 6.4 16.3 11.2 4.4 10.0 9.2 11.5 6.5 5.1 
1972 4.0 3.2 13.3 13.4 5.5 6.9 8.7 7.7 11.3 3.8 4.6 2.0 
1973 4.6 5.0 5.8 2.9 4.1 3.7 6.8 11.8 11.8 4.4 3.2 1.0 
1974 1.4 2.1 2.3 3.0 2.6 1.7 7.2 10.0 7.3 18.1 10.5 5.8 
1975 1.8 1.7 3.2 3.3 2.9 1.0 6.2 5.7 8.8 9.8 8.7 5.6 
1976 3.1 2.7 5.2 5.8 7.8 8.0 11.9 5.4 7.7 9.7 14.8 11.7 
1977 9.3 6.8 7.6 11.2 4.4 5.7 3.6 3.3 1.6 2.0 2.8 2.7 
1978 1.3 1.3 2.1 2.5 3.5 5.5 2.0 1.8 3.4 2.5 3.4 3.2 
1979 1.7 1.4 2.2 1.6 1.5 1.6 1.7 2.9 1.7 2.1 1.9 1.3 
1980 2.0 1.9 3.0 2.1 3.6 2.7 2.3 2.7 1.5 1.9 4.5 4.1 
1981 3.0 3.7 7.1 3.5 1.9 2.5 2.8 2.8 3.5 1.9 — — 
1982 — — — — — — — — 
1983 —— 
1984 —— 1.7 2.2 1.6 1.7 2.2 1.2 1.8 1.9 
1985 2.1 1.0 2.3 1.6 2.0 1.5 1.9 
Table 117. Twelve-month moving averages of biochemical oxygen demand 
concentrations (mg/l) at Station 5 
Year Dec/ Jan/ Feb/ Mar/ Apr/ May/ Jun/ Jul/ Aug/ Sep/ Oct/ Nov/ 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1968 15.0 15.5 15.5 15.3 14.6 13.3 12.6 11.5 10.6 10.0 8.9 7.9 
1969 7.0 6.4 6.5 6.6 7.2 7.8 8.3 8.4 8.3 7.7 7.9 8.1 
1970 8.2 8.7 8.7 8.6 8.0 7.6 7.3 7.2 7.5 7.7 7.7 8.4 
1971 8.7 8.0 8.1 7.9 8.2 8.1 8.1 8.2 7.9 8.4 9.0 8.1 
1972 7.8 8.1 7.9 8.1 7.5 7.3 7.0 7.1 7.2 6.6 5.7 5.6 
1973 5.4 5.2 5.5 5.6 5,6 5.5 5.4 5.2 4.9 4.6 4.6 4.5 
1974 4.3 4.4 4.2 3.9 5.0 5.6 6.0 6.0 6.0 6.1 6.1 6.1 
1975 6.1 6.0 5.6 5.8 5.1 4.9 4.9 5.0 5.1 5.3 5.5 5.9 
1976 6.5 6.9 6.9 6.8 6.8 7.3 7.8 8.3 8.7 8.9 9.3 9.0 
1977 8.9 8.2 8.0 7.5 6.8 5.8 5.1 4.4 4.0 3.5 2.8 2.7 
1978 2.7 2.6 2.4 2.6 2.6 2.7 2.7 2.7 2.8 2.8 2.7 2.5 
1979 2.2 2.2 2.3 2.1 2.1 2.0 1.8 1.8 1.9 1.9 2.0 2.2 
1980 2.2 2.3 2.3 2.3 2.2 2.5 2.7 2.8 2.9 3.3 3.4 3,2 
1981 3.2 3.3 3.3 3.4 3.4 — — —• —  • •  — — —  ' • 
1982 — — — — — — — — — _ _ 
1983 — — — 
1984 — — _ — — _ — — — 1.8 1.8 1.8 
1985 1.8 1.8 
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Table 118. Monthly average concentrations (rag/l) of biochemical oxygen 
demand (BOD) at Station 6 
Year Jan Feb Mar Apr May Jun Jul Aug SeEL Oct NOV Dec 
1971 — — — — — — — 13,6 14.0 12.8 8.7 8.1 
1972 7.6 8.9 14.4 12.4 6.7 5.0 7.0 6.7 7.6 5.2 6.5 3.0 
1973 5.7 7.3 6.3 3.6 4.4 4.4 5.5 7.4 8.7 4.5 3.2 1.4 
1974 2.3 2.0 2.7 2.9 3.5 2.0 5.9 8.9 6.8 11.6 8.4 6.4 
1975 3.6 4.5 5.0 3.2 3.0 1.5 5.9 6.8 5.1 8.1 7.0 5.2 
1976 5.0 4.8 4.8 4.7 7.2 6.6 10.6 7.3 6.6 9.2 13.8 16.2 
1977 18.7 26.9 9.8 14.8 10.3 10.9 8.1 8.7 3.5 3.3 3.1 3.6 
1978 3.8 4.9 5.7 3.7 5.8 4.8 2.6 5.8 6.6 3.1 3.5 3.4 
1979 6.5 6.6 7.7 2.4 2.6 3.2 2.5 2.9 1.7 3.2 1.6 1.6 
1980 2.5 3.1 4.1 3.6 6.1 3.5 6.7 5.9 3.5 4.5 7.0 5.6 
1981 6.2 5.9 7.3 6.6 7.8 4.7 3.6 4.4 6.8 6.4 — — 
1982 — — — —— — — —— — 6.0 3.2 1.8 1.9 
1983 2.9 6.4 2.0 2.1 2.1 3.1 2.9 6.4 7.7 4.0 3.5 2.0 
1984 3.3 3.8 2.3 1.6 2.5 2-4 2.5 4.1 — 5.0 2.9 3.7 
1985 2.8 4.7 3.2 2.8 2.2 3.4 5.1 
Table 119. Twelve-month moving averages of biochemical oxygen demand 
concentrations (mg/1) at Station 6 
Year Dec/ Jan/ Feb/ Mar/ Apr/ May/ Jun/ Jul/ Aug/ Sep/ Oct/ Nov/ 
Jan Feb Mar Apr Mav Jun Jul Aug sgp... Oct Nov Dec 
1972 9.9 9.4 8.8 8.2 8.0 7.6 7.4 7.3 6.6 5.9 5.7 
1973 5.6 5.5 5.6 5.7 5.6 5.3 5.2 4.9 4.5 4.2 4.1 4.0 
1974 3.8 3.9 4.0 3.8 4.4 4.9 5.3 5.4 5.6 5.8 5.8 5.8 
1975 5.7 5.7 5.6 5.4 5.1 5.0 4.9 5.0 5.1 5.0 5.2 5.5 
1976 5.9 6.3 6.4 6.5 6.6 7.2 8.1 9.2 11.1 11.5 12.3 12.6 
1977 12.9 12.7 12.8 12.6 12.1 11.2 10.1 8.9 7.1 6.7 5.8 5.4 
1978 4.9 4.5 4.2 4.5 4.5 4.5 4.5 4.7 4.8 5.0 4.9 4.6 
1979 4.5 4.5 4.3 3.8 3.9 3.7 3.5 3.2 2.9 2.6 2.7 3.0 
1980 3.0 3.4 3.6 3.8 3.9 4.3 4.7 5.0 5.2 5.5 5.7 5.9 
1981 6.0 5.7 5.6 5.9 6.0 —— — —— — — — 
1982 — — — — — — — 
1983 — — 3.4 3.5 3.6 3.8 3.8 3.8 3.6 3.6 3.6 3.6 
1984 3.5 3.5 3.3 2.9 3.0 3.0 3.1 3.1 3.1 3.2 3.3 3.3 
1985 3.4 3.6 
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Table 120. Monthly average concentrations (rog/1) of biochemical oxygen 
demand (BOD) at Station 9 
Year Jan Feb Mar Apr May Jun Jul Aug SeE_ Oct Sov_ Dec 
1971 —* — 6.2 7.5 5.8 4.9 4.5 7.5 
1972 7.3 4.7 11.5 6.3 4.9 3.3 3.2 3.1 2.2 5.5 3.5 2.4 
1973 3.8 4.1 3.5 1.4 1.8 2.0 2.3 2.5 5.4 3.8 2.1 1.2 
1974 1.9 2.1 2.4 2.3 1.5 0.5 1.3 1.3 2.8 1.5 3.5 6.2 
1975 3.0 2.1 3.7 1.5 2.1 1.3 1.2 1.0 1.6 2.7 3.1 4.8 
1976 3.3 5.1 2.8 1.9 2.2 1.9 1.8 1.2 2.5 4.2 6.6 5.8 
1977 4.2 5.5 9.1 4.2 2.5 2.4 2.9 1.9 1.7 2.2 1.5 2.2 
1978 1.7 1.7 3.7 1.7 2.1 2.0 1.6 2.5 2.5 1.6 2.4 2.1 
1979 1.6 1.8 4.2 1.9 2.9 1.8 1.9 1.9 1.6 2.6 4.5 1.7 
1980 2.5 1.9 3.5 2.2 3.4 2.2 2.5 2.0 1.1 2.6 3.3 6.0 
1981 3.5 3.0 6.6 3.6 2.0 2.8 3.5 1.8 2.9 2.3 —— — 
1982 — 
1983 —— — — — —— 1.9 3.1 4.1 5.8 2.8 1.6 1.5 
1984 2.2 2.7 2.0 1.5 3.8 1.9 1.5 4.3 — 1.9 2.2 1.8 
1985 1.8 3.4 2.1 1.9 2.1 2.6 
Table 121. Twelve-month moving averages of biochemical oxygen demand 
concentrations (mg/1) at Station 9 
Year Dec/ Jan/ Feb/ Mar/ Apr/ May/ Jun/ Jul/ Aug/ Sep/ Oct/ Nov/ 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1972 6.2 6.0 5.6 5.3 5.3 5.3 4.8 4.5 4.5 3.8 3.4 3.2 
1973 3.0 3.0 2.9 3.2 3.0 2.9 2.8 2.7 2.5 2.4 2.5 2.5 
1974 2.3 2.3 2.2 1.9 1.7 1.9 2.3 2.4 2.4 2.5 2.4 2.5 
1975 2.5 2.5 2.5 2.4 2.5 2.5 2.3 2.4 2.6 2.5 2.6 2.6 
1976 2.6 2.7 2.7 2.8 2.9 3.2 3.3 3.4 3.4 3.9 4.1 4.1 
1977 4.2 4.3 4.3 4.3 4.1 3.7 3.4 3.2 2.8 2.4 2.2 2.1 
1978 2.1 2.0 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.2 2.2 2.3 
1979 2.2 2.3 2.2 2.1 2.2 2.4 2.4 2.4 2.5 2.4 2.4 2.5 
1980 2.5 2.5 2.6 2.5 2.5 2.4 2.8 2.9 2.9 3.2 3.3 3.2 
1981 3.3 3.4 3.3 3.5 3.5 — ~ — — —— 
1982 — — 
1983 — — — — — — ' — — 2.8 
1984 2.8 2.6 2.6 2.4 2.3 2.3 2.4 2.3 2.4 2.4 2.4 2.3 
1985 2.3 
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Table 122. Monthly average concentrations (rog/1) of biochemical oxygen 
demand (B(X)) at Station 10 
Year Jan Feb Mar Apr May Jun Jul Aug Sep Qct_ Nov Dec 
1972 — — — — — — — — — 6.5 5.1 3.7 5.1 2.5 
1973 6.3 6.7 6.4 4.4 4.5 3.1 3.4 4.7 6.6 4.1 1.6 1.4 
1974 1.9 1.6 2.3 2.4 2.3 1.5 4.6 4.4 2.0 7.0 3.4 2.9 
1975 1.6 1.5 3.4 4.6 2.1 1.5 4.7 6.1 5.5 5.0 3.3 3.3 
1976 1.7 1.7 3.7 2.9 3.7 4.8 9.2 6.4 5.0 8.7 5.5 2.7 
1977 1.6 3.4 4.5 8.1 6.3 9.0 7.8 5.0 4.6 3.1 2.0 1.5 
1978 1.0 1.1 6.0 3.4 4.5 5.1 4.1 8.2 6.2 1.5 1.5 1.3 
1979 2.7 1.5 7.8 1.8 1.9 4.7 4.6 5.5 4.0 5.0 2.0 1.0 
1980 2.2 2.7 3.7 3.7 7.4 4.0 8.5 6.8 7.4 5.6 2.3 1.6 
1981 1.9 4.2 2.4 9.1 6.9 6.5 6.2 8.4 8.7 4.9 — 
1982 — — — — — —— 
1983 — — — —— 
1984 — — — 1.8 1.8 2.1 2.4 7.0 2.7 4.1 2.0 1.0 
1985 2.2 — — 2.5 1.8 5.0 5.9 
Table 123. Twelve-month moving averages of biochemical oxygen demand 
concentrations (mg/1) at Station 10 
Year Dec/ Jan/ Feb/ Mar/ Apr/ May/ Jun/ Jul/ Aug/ Sep/ Oct/ Nov/ 
Jan Feb Mar AEr_ May Jun Jul Auq Sep Oct Nov Dec 
1973 — 4.8 4.7 4.8 4.8 4.5 4.4 4.1 3.6 3.3 3.1 3.0 
1974 2.8 2.9 2.9 2.5 2.8 2.9 3.0 3.0 3.0 3.1 3.3 3.3 
1975 3.3 3.3 3,4 3.7 3.5 3.5 3.6 3.6 3.6 3.6 3.5 3.6 
1976 3.9 4.2 4.3 4.2 4.5 4.7 4.7 4.7 4.8 4.9 5.3 5.5 
1977 5.9 5.8 5.6 5.6 5.1 4.8 4.7 4.7 4.5 4.6 4.2 4.1 
1978 3.8 3.5 3.7 3.9 3.7 3.7 3.7 3.8 3.8 4.0 3.9 3.6 
1979 3.6 3.6 3.4 3.2 3.5 3.6 3.5 3.5 3.6 3.3 3.4 3.9 
1980 3.8 4.1 4.3 4.5 4.6 4.6 4.7 4.6 4.8 4.7 5.1 5.1 
1981 5.3 5.1 5.2 5.3 5.3 « — — — — — 
1982 — — — — — — — — — — — — 
1983 — — — — — — — — — — — — 
1984 — — — — _ — — 2.7 2.7 2.7 
1985 3.0 3.3 
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Table 124. Monthly average river discharge (m^/sec) at Station 1 
Year Jan Feb Mar Apr MAIL Jun Jul Aug Sep Oct FIOV_ Dec. 
1967 — — - - - - 45 14 7 4 4 3 
1968 2 3 6 11 10 28 49 19 9 104 85 34 
1969 17 13 181 380 163 147 372 55 30 14 17 15 
1970 8 9 48 74 133 57 34 11 6 15 33 15 
1971 20 88 267 102 48 109 110 15 5 7 26 18 
1972 8 6 64 32 129 145 98 108 60 76 126 36 
1973 56 46 340 266 245 138 88 16 71 133 93 144 
1974 90 84 128 153 149 171 49 16 7 5 8 4 
1975 5 4 34 237 151 177 62 11 7 4 9 9 
1976 4 6 47 57 57 38 8 3 2 2 3 1 
1977 1 1 14 11 11 4 4 40 16 17 25 24 
1978 9 5 68 75 50 83 99 34 53 22 17 14 
1979 6 6 262 373 173 68 138 355 195 77 164 83 
1980 50 33 62 132 46 94 22 37 40 27 21 14 
1981 6 11 12 23 30 144 95 66 49 26 10 18 
1982 6 6 163 122 199 182 171 25 33 171 203 99 
1983 62 431 228 380 237 234 322 35 32 45 84 107 
1984 20 201 112 469 435 626 133 32 - 24 43 17 
1985 59 41 86 140 110 55 29 
Table 125. Twelve-month moving averages of river discharge (ra^/sec) at 
Station 1 
Year Dec/ Jan/ Feb/ Mar/ Apr/ May/ Jun/ Jul/ Aug/ Sep/ Oct/ Nov/ 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1968 11 12 12 12 21 27 30 31 32 47 77 90 
1969 100 127 130 132 124 119 117 116 116 105 79 77 
1970 69 41 38 36 36 37 37 38 45 63 65 58 
1971 62 69 69 69 68 68 68 67 60 43 37 44 
1972 47 46 54 58 64 73 74 78 81 104 124 134 
1973 133 132 124 125 130 127 136 139 142 125 115 107 
1974 110 107 107 101 91 84 72 65 58 50 57 58 
1975 58 59 59 59 59 59 59 59 59 60 45 38 
1976 26 21 21 20 20 20 19 19 18 16 12 8 
1977 5 5 8 9 10 12 14 15 15 20 25 28 
1978 35 43 42 45 46 45 44 44 44 60 85 95 
1979 94 97 124 136 140 153 158 162 164 148 128 117 
1980 119 109 83 70 66 54 48 45 43 39 29 28 
1981 32 38 41 42 41 41 41 41 40 53 61 75 
1982 79 85 81 80 92 108 115 120 155 161 182 185 
1983 190 202 203 203 192 182 183 180 160 151 158 175 
1984 207 192 191 204 202 199 191 194 181 179 151 124 
1985 77 68 
226 
Table 126. Monthly average river discharge (mf/sec) at Station 5 
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1967 — — — — — — 58 18 8 5 5 3 
1968 2 3 8 12 11 32 48 23 9 108 89 36 
1969 19 14 197 474 226 126 403 71 32 21 21 12 
1970 9 10 59 80 134 68 22 17 7 17 35 20 
1971 12 42 249 176 67 104 97 16 6 6 23 20 
1972 9 6 65 39 133 128 103 145 52 87 139 43 
1973 64 103 357 295 273 165 104 25 28 177 102 93 
1974 59 53 144 163 198 217 63 19 10 8 11 7 
1975 7 6 50 189 168 196 79 14 9 4 8 8 
1976 4 8 65 79 68 52 12 4 2 2 3 2 
1977 1 1 14 9 6 4 3 3 13 30 31 23 
1978 11 5 74 95 66 88 130 33 51 30 18 23 
1979 7 6 92 402 220 116 151 225 272 99 158 69 
1980 48 33 61 124 45 106 24 44 40 26 20 17 
1981 9 16 10 24 37 115 120 66 35 27 19 17 
1982 7 5 200 131 187 125 153 82 49 172 280 70 
1983 64 326 346 470 153 311 281 139 34 46 105 42 
1984 30 192 133 364 367 527 290 84 - 23 38 23 
1985 52 51 93 142 116 56 23 
Table 127. Twelve-month moving averages of river discharge (mf/sec) at 
Station 5 
Year Dec/ Jan/ Feb/ Mar/ Apr/ May/ Jun/ Jul/ Aug/ Sep/ Oct/ Nov/ 
Jan Feb Mar Apr May Jun Jul Auq SeE_ Oct Nov Dec 
1968 14 13 13 13 22 29 32 33 34 50 88 106 
1969 114 144 148 150 142 137 135 134 134 122 89 82 
1970 77 45 40 38 38 39 40 40 43 59 67 61 
1971 64 70 70 70 69 68 68 68 65 50 38 44 
1972 46 46 57 61 68 77 79 84 92 116 137 149 
1973 152 152 142 140 148 145 149 148 144 127 116 109 
1974 114 110 110 108 94 87 79 75 71 63 65 63 
1975 61 63 62 62 62 61 62 61 61 63 54 45 
1976 33 28 27 26 26 26 25 25 24 20 14 9 
1977 5 4 4 5 7 10 12 12 13 18 25 30 
1978 37 47 50 53 53 52 52 52 52 53 79 92 
1979 94 96 112 130 136 148 151 155 157 155 131 117 
1980 116 105 90 71 65 53 49 46 44 40 32 31 
1981 32 40 42 41 41 41 41 41 40 56 65 77 
1982 78 81 82 84 96 117 122 127 153 165 194 191 
1983 206 217 222 221 210 195 193 190 179 161 153 170 
1984 188 189 185 197 195 189 187 189 178 174 156 135 
1985 96 73 
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Table 128. Monthly average river discharge (m^/sec) at Station 6 
Year Jan Feb Mar AEr_ May Jun Jul Aug Sep qct Nov Dec 
1971 - - - - — - — 12 8 9 31 28 
1972 14 17 112 51 218 183 149 234 110 153 296 96 
1973 159 375 680 635 547 348 481 104 108 452 195 178 
1974 146 117 288 326 577 414 119 48 19 14 25 13 
1975 14 13 139 404 293 351 132 54 26 12 16 23 
1976 11 23 125 170 181 147 29 11 6 5 6 3 
1977 1 3 20 16 9 6 3 21 39 78 87 41 
1978 23 10 201 270 131 145 231 66 165 80 53 39 
1979 25 17 417 645 326 179 233 325 350 140 177 104 
1980 79 60 101 186 73 187 42 60 54 33 29 22 
1981 8 29 16 32 47 130 165 82 58 35 29 28 
1982 11 14 295 195 353 426 261 113 76 278 377 135 
1983 111 700 541 725 564 557 552 176 65 82 195 102 
1984 63 376 220 735 778 1057 395 114 - - - -
Table 129. Twelve-month moving averages of river discharge (m^/sec) at 
Station 6 
Year Dec/ Jan/ Feb/ Mar/ Apr/ May/ Jun/ Jul/ Aug/ Sep/ Oct/ Nov/ 
Jan Feb Mar Apr May Jun Jul Auq Sep Oct Nov Dec 
1972 69 88 96 108 130 136 148 178 225 274 301 
1973 315 343 332 332 357 348 355 354 333 300 274 277 
1974 282 252 247 240 203 189 176 165 156 143 150 126 
1975 121 122 123 123 123 122 123 123 124 123 103 94 
1976 77 68 65 63 62 61 60 59 57 49 36 21 
1977 10 7 8 11 17 24 27 29 29 45 66 76 
1978 87 106 110 121 121 118 118 118 119 137 168 184 
1979 187 187 209 224 229 239 245 249 253 227 188 167 
1980 168 152 130 105 96 84 77 71 69 62 49 47 
1981 42 52 54 54 54 54 55 55 54 77 91 116 
1982 141 149 152 153 173 202 211 220 277 297 341 359 
1983 370 394 399 398 382 367 364 360 333 306 307 325 
1984 367 354 349 - — - - — — - - -
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Table 130. Monthly average river discharge *(m^/sec) at Station 9 
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1971 — - — - • - - 71 29 11 9 52 45 
1972 20 14 126 65 272 223 157 227 236 157 374 138 
1973 320 385 558 370 609 508 497 499 189 447 340 300 
1974 214 216 324 356 358 425 482 142 25 15 49 31 
1975 25 31 101 467 325 464 261 39 58 18 25 48 
1976 16 19 149 264 397 240 60 17 9 9 9 9 
1977 9 8 19 25 11 7 6 75 117 113 162 81 
1978 26 23 207 279 156 181 283 79 150 110 82 46 
1979 26 30 321 653 510 482 338 311 351 126 215 106 
1980 72 60 124 200 73 259 58 86 71 34 34 44 
1981 11 39 21 62 55 146 227 122 51 36 48 41 
1982 16 22 487 448 399 479 348 280 61 416 445 419 
1983 79 688 756 482 510 622 618 513 87 120 277 133 
1984 84 424 288 568 472 870 760 453 357 40 61 60 
1985 67 285 128 193 17C 165 63 - - - — -
Table 131. Twelve-month moving averages of river discharge (m^/sec) at 
Station 9 
Year Dec/ Jan/ Feb/ Mar/ Apr/ May/ Jun/ Jul/ Aug/ Sep/ Oct/ Nov/ 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1972 78 85 102 121 133 160 167 192 223 259 285 313 
1973 337 365 388 384 408 405 419 410 396 376 375 354 
1974 347 346 316 302 266 242 220 204 189 170 179 177 
1975 180 161 153 156 156 154 155 154 153 157 141 147 
1976 128 111 109 105 104 103 100 99 98 88 68 35 
1977 16 12 16 25 34 47 53 54 55 71 92 104 
1978 119 142 142 145 145 138 135 135 136 145 176 206 
1979 231 236 255 272 273 284 289 293 295 279 241 205 
1980 186 163 144 121 113 98 93 88 86 78 66 65 
1981 55 69 72 71 71 72 72 72 71 109 142 170 
1982 198 208 221 222 254 287 318 324 379 402 404 414 
1983 426 448 467 470 445 431 407 408 386 347 354 351 
1984 371 383 378 401 394 376 370 368 357 343 312 287 
1965 228 170 - - - - -
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Table 132. Monthly average river discharge (af/sec) at Station 10 
Year Jan Feb- Mar Apr May Jun Jul Aug see. Oct Nov Dec 
1972 - - - - - - 85 77 64 46 136 37 
1973 114 148 258 261 207 135 275 55 97 230 80 83 
1974 99 92 114 110 236 134 39 13 9 7 14 7 
1975 17 16 77 150 84 107 39 32 12 6 11 13 
1976 6 10 47 • 76 92 58 13 6 3 4 4 2 
1977 2 2 10 7 5 3 3 10 16 33 38 14 
1978 6 5 117 120 48 49 95 18 97 39 20 15 
1979 8 9 359 200 94 46 94 73 31 16 54 31 
1980 21 20 43 50 22 50 11 12 7 9 6 4 
1981 3 9 5 6 8 13 34 24 12 10 9 14 
1982 5 11 110 64 158 171 116 22 18 129 88 53 
1983 51 323 118 170 146 212 201 26 15 35 79 57 
1984 38 150 74 300 322 331 58 18 - — - — 
Table 133. Twelve-month moving averages of river discharge (mf/sec) at 
Station 10 
Year Dec/ Jan/ Feb/ Mar/ Apr/ May/ Jun/ Jul/ Aug/ Sep/ Oct/ Nov/ 
Jan Feb Mar aee_ May Jun Jul Aug SeE_ Oct Nov Dec 
1973 131 147 145 147 163 158 162 161 156 144 131 134 
1974 134 114 111 103 85 79 73 66 60 57 60 47 
1975 45 45 47 47 47 47 47 46 46 43 37 38 
1976 34 31 29 28 28 28 27 26 26 23 17 10 
1977 5 4 5 6 8 11 12 12 13 21 31 34 
1978 38 46 47 53 54 52 52 53 53 73 80 84 
1979 83 83 88 82 80 83 85 86 87 60 48 42 
1980 42 35 30 28 28 24 21 20 19 16 12 11 
1981 8 10 11 11 11 11 12 12 13. 21 26 39 
1982 52 59 59 59 69 76 79 83 109 109 118 117 
1983 121 128 128 128 120 119 119 118 104 100 111 126 
1984 136 124 123 - - - - - - — - — 
